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INTRODUCTION. 


A plant  differs  from  a mineral  in  being  a living  organism, 
and  a description  of  the  life  of  plants  will  form  the  best 
introduction  to  the  study  of  Botany.  Since,  however,  we 
can  only  investigate  the  life  of  plants  when  we  have  learnt  to 
understand  their  formation,  it  will  be  advisable  to  first  study 
their  internal  structure,  which  is  the  foundation  for  the  com- 
prehension  of  the  rest.  In  Order  to  do  this  it  is  necessary  to 
examine  their  various  parts,  or,  in  other  words,  to  study  their 
«natomy.  This  will  be  followed  by  an  investigation  of  their 
morphology,  or  outward  form,  and  we  will  finally  treat  of  the 
physiology  of  plants,  including  nutrition,  respiration,  growth, 
and  reproduction.  Since,  however,  the  external  form  and  its 
parts  cannot  well  be  described  without  taking  into  account  its 
Connection  with  the  living  processes  of  the  plant  (as,  for 
example,  the  connection  of  the  cotyledons  with  the  process  of 
nutrition),  we  shall  find  it  necessary  in  studying  the  former  to 
include  much  which  pertains  to  the  latter.  Moreover,  every 
jpart  of  the  plant  (including  even  such  insignificant-looking 
structures  as  stings,  brushes,  and  liairs)  has  its  special  meaning 
and  use  in  the  life  of  the  plant.  The  close  connection 
bctween  Physiology  and  Morphology  is  thus  apparent. 
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PLANT  LIFE. 


I.  The  Internal  Structure  of  Plants. 

1.  The  cell  as  the  fundamental  unit.  Life  may  be 
iescribed  as  the  response  of  a living  being  to  its  environment. 

lin  order  to  accomplish  this  end,  however,  the  living  being 
requires  various  implements.  These  implements  are  called 
organs,  and  their  possessors  are  called  organisms. 

Every  organ  has  its  special  function,  but  in  order  that  this 
may  be  fulfiiled  there  must  be  a certain  amount  of  division 
of  labour  in  the  organ  itself.  It  must  possess  other  organs  of 
1 1 secondary  nature,  and  it  is  easy  to  understand  that  this 
division  and  specialisation  of  function  is  always  increasing, 
fand  that  a division  and  specialisation  of  the  organs  must 
necessarily  keep  pace  with  it.  This  finer  structure  can  not, 

! however,  be  seen  without  the  inicroscope,  which  reveals  a 
! very  delicate  tissue,  finer  than  any  that  could  be  made  by 
i h»man  hands.  This  tissue  consists  of  a number  of  little 
1 bladders  lying  close  together,  each  having  its  own  firm  wall 
and  its  own  contents.  The  little  bladders  are  called  cells, 
tand  as  all  organs  are  composed  of  them,  we  may  rightly 
i consider  cells  as  the  fundamental  units  of  the  plant. 

2.  The  structure  of  the  cell.  The  cell  (Fig.  i)  is 
l therefore  a little  bladder,  but  whereas  in  a bladder  the  wall  is 
! the  most  important  part,  in  the  cell  the  contents  only  are 
essential,  the  wall  being  formed  by  them. 

In  young  cells  the  contents  are  a slimy  mass  which  com- 
pletely  fills  the  interior.  The  microscope  shows  little 

n 
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granulös,  and  a larger  body  called  the  nuclcus  floating  about 
in  this  mass  ; the  nucleus  contains  a nucleolus.  In  this 
short  description  we  have  by  no  means 
exhausted  the  finer  structure  of  this 
slimy  mass  and  its  nucleus.  We  will 
not,  however,  enter  further  into  the 
subject,  as  investigations  concerning  it 
are  not  yet  concluded. 

The  slimy  mass  is  called  protoplasm, 
and  consists  chemically  of  substanccs 
known  as  proteids,  which  are  dis— 
tinguished  by  containing  a widely  dif- 
fused  element  called  nitrogen. . Since 
wc  know  that  all  the  phenomena  of  life 
proceed  from  protoplasm,  we  are  justi- 
fied  in  describing  it  as  the  living 
principle  of  plants. 

We  must  remark  in  passing,  that  among  the  lower  plants  there 
are  some  forms  which  are  devoid  of  a cell-wall  and  cannot  be 
described  as  cells.  Hence  it  is  apparent  that  the  contents  of 
the  cell  are  rnore  essential  forits  life  thanthe  wall.  Although 
we  may  thus  consider  the  cell  as  the  fundamental  unit  of  the 
tissue,  a part  of  it  only  is  really  living.  To  this  living  part 
the  term  “ energid  ” has  lately  been  applied  by  J.  von  «Sachs, 
as  we  shall  sec  below. 

The  protoplasm  of  a single  cell  has  received  the  name  of 
“energid,”  since  from  it  proceeds  all  the  encrgy  of  life.  For 
' the  Constitution  of  the  whole  plant  as  an  individual  it  is 
very  important  that  the  energids  of  the  separate  cells  should 
not  be  entirely  cut  off  from  one  another,  but  that  they  should 
stand  in  close  connection  with  the  neighbouring  energids. 
This  is  accomplished  by  means  of  extremcly  fine  threads  of 
protoplasm,  which  from  the  first  penetrate  the  minute  porcs  of 
the  cell  membrane,  and  thus  connect  all  the  energids  together. 
It  is  obvious  that  if  any  special  cell  is  irritated,  the  Stimulus 
can  be  carried  to  others  by  means  of  these  threads. 

The  living  activity  of  the  energids  is  shown  by  their 


Fig.  i. 


Diagram  of  a ccl!. 

iv,  cell-wall ; /,  protoplasm ; 
k,  nucleus ; v,  vacuole. 
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Fig. 


. division.  This  can  only  take  place  in  a cell  which  contains 
protoplasm,  without  which  the  cell  may  be  considered  as 
i dead.  We  may  further  observe  that  in  an  uninjured  cell  the 
; littlc  granules  of  the  protoplasm  exhibit  a Streaming  move- 
ment, which  is  also  a sign  of  life.  The  division  of  the 
! protoplasm,  and  even  that  of  the  whole  cell,  has  been  actually 
observed. 

Cell-division  begins  in  the  nucleus,  thus  showing  that  it  is 
rightly  regarded  as  the  central  organ  of  the  cell,  i.  e.  of  the 
energid.  Both  protoplasm  and  nucleus  have  a thread-like 
structure.  When  a cell  begins  to  divide,  the  threads  of  the 
nucleus  divide  first,  forming  a “ nuclear  plate  ” in  the  middle  ; 
•.they  then  move  in  two 
, groups  to  the  poles,  where 
they  constitute  two  new 
nuclei.  After  this  has 
been  accomplished  little 
particlesof  cellulose  collect 
in  the  middle  of  the  cell, 
and  these  finally  unite  to 
form  a middle  wall  ; the 
division  of  the  cell  is 
then  complete.  These 
; processes  are  accompanicd 
by  the  formation  in  the 
protoplasm  of  fine  threads 
( “ spindle-fibres  ” ) which 
.connect  the  two  new 
nuclei. 

The  cell-wall  or  mcm- 
1 brane  is  firm  and  elastic  ; 
it  possesses  the  peculiar 
property  of  all  organic  membranes,  i.  e.  that  of  allowing  fluids 
to  pass  through  (osmosis).  It  consists  of  a substance  which 
is  chemically  known  as  cellulose.  By  means  of  the  energids 
the  cell  has  the  power  ot  growth  both  in  lcngth  and 
thickness.  The  result  of  growth  in  length  is  a fibrc-like 


Various  forras  of  cells,  highly  magnificd. 

a , prismatic  cclls ; b , fibrous  ccll ; c,  tissue 
composed  of  round  cclls  with  intcr- 
ccllular  spaces ; d,  stellate  cell  (*)  with 
large  spaces  (/),  (spongy  tissue);  e, 
vessel  showing  spiral  and  annular 
thiclccning  ; dotted  vessel ; g,  sieve- 
tube,  showing  the  junction  of  two 
vcssels,  and  a sieve-plate  secn  in  section 
(the  Contents  are  shaded). 
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cell  (Fig.  2,  £)  ; many  other  form*  niay  also  arise,  as 
prismatic  cells  (Fig.  2,  a),  star-shaped  cclls  (Fig.  2,  ,!), 
etc.  The  cells  may  also  present  great  variations  in  size.  ln 
the  higher  plants  they  are  generally  microscopic  ; there  are, 
howcver,  lower  plants,  consisting  of  a single  cell  (non-cellular 
plants),  which  under  some  circumstances  grow  very  large, 
and  which  may  show  a well-marked  differentiation  in  their 
form.  The  fact  that  the  energids  of  these  cells  possess 
numerous  nuclei  shows  that  such  unicellular  plants  really 
correspond  to  multi-cellular  plants. 

Growth  in  thickness  proceeds  from  the  interior  of  the  cell. 
Concentric  layers  are  often  plainly  scen  in  the  thickened 
Fig.  3.  membrane.  The  layers  are  generally/ormed 

fv  in  such  a manner  that  canal-like  fissures 

(F'g-  3)  arise,  and  these  penetrate  to  the 
,‘jH  original  wall  of  the  young  cell.  It  has 

5 ‘A  already  been  stated  that  very  fine  canals 

‘ connecting  the  cells  are  found  in  this 
Thickened  cell,  highly  primary  wall.  The  canals  usually  join 

ma^nified ; cell- wall  c A J J . 

with  canals.  similar  ones  of  adjacent  celis  and  appear  in 

surface  view  as  dots.  The  thickenings  of 
the  cell-membrane  may,  however,  occur  in  such  a way  as  to 
form  ridges,  which  project  into  the  interior  of  the  cell. 
These  may  be  of  spiral,  annular,  or  net-like  form,  and 
have  a corresponding  appcarance  when  seen  in  surface  view 
(Fig.  2,  e and  f). 

The  bordered  pit  is  a special  kind  in  which  the  canal  is 
not  of  uniform  width  throughout,  being  wider  towards  the 
primary  cell-wall,  and  narrower  towards  the  opening,  while 
at  the  same  time  a similar  pit  corresponds  to  it  on  the  other 
side.  The  adjacent  pits  appear  as  a lens-shaped  space  which 
is  divided  in  the  middle  by  a wall.  These  bordered  pits  are 
valves  ; they  are  found,  for  example,  in  fibrous  cells  which 
are  then  known  as  “ tracheides.” 

Growth  in  thickness  produces  at  the  same  time  changes  in 
form  and  in  substance,  materials  being  stored  in  the  cellulose, 
which  lend  it  peculiar  properties.  The  membrane,  by  6toring 
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aup  suberin,  may  either  become  corky  with  cutin,  or  woody 
•with  lignin.  In  the  first  case  it  shows  great  flexibility  and  is 
at  the  same  time  impermeable  to  water.  Plants  form  cork  in 
■their  cell-walls  when  these  twoqualities  are  needed.  A cell- 
vwall  which  becomes  woody  acquires  excessive  rigidity,  and 
.yet  does  not  lose  its  power  of  allowing  water  to  pass  through  ; 
jon  the  contrary,  water  then  moves  in  it  with  great  facility. 
'Lastly,  the  cell- wall  may  become  mucilaginous,  as  in  the 
sseeds  of  flax  and  quince. 

As  the  cell-wall  grows,  and  the  cell  itself  increases  in 
circumference,  the  protoplasm  does  not  increase  in  proportion, 
mnd  spaces  necessarily  arise.  These  spaces  are  called 
.vacuoles ; they  are  not,  however,  empty,  but  are  filled 
with  cell-sap,  which  enters  from  without.  The  cell-sap 
i consists  of  water  which  contains  some  salts,  and  sometimes 
| also  sugar,  organic  acids,  and  colouring  matter.  The  proto- 
plasm  is  in  this  case  vacuolated,  forming  a net-work  ; the 
j nucleus  is  usually  found  more  or  less  in  the  middle,  and  is 
supported  by  Strands  of  protoplasm.  The  protoplasm  at  the 
; edge  of  the  vacuoles  is  firmer  than  the  rest,  and  this  hasgiven 
rise  to  the  theory  that  cach  has  its  own  wall.  If  the  vacuoles 
continue  to  increase,  the  protoplasm  becomes  mcrely  a lining 
of  the  cell-wall,  and  carries  the  nucleus  with  it.  A com- 
plete'.y  closed  sac  is  thus  formed,  and  this  has  bcen  called  the 
“ primordial  utricle.” 

The  protoplasm  and  cell-sap  are,  however,  not  the  only 
Contents  of  the  cell  : the  living  protoplasm  has  the  power  of 
forming  many  other  substances.  Of  these  the  most  important 
is  the  green  colouring  matter  or  “ Chlorophyll,”  which  imparts 
to  the  plant  that  green  colour  so  pleasing  to  the  eye.  A closer 
examination  under  the  microscope  shows  small  protoplasmic 
bodics  in  the  protoplasm  of  ccrtain  cells,  especially  in  those  of 
leaves.  These  bodies  are  called  chloroplasts,  and  contain  a 
green  colouring  matter  which  is  insoluble  in  water,  but  will 
dissolve  in  alcohol. 

Chlorophyll  is  an  indispensable  constituent  of  those  plants 
which  are  capable  of  obtaining  their  food  at  first  hand  ; it 
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usually  supplies  the  plant  with  food  in  a manner  which  will 
be  explained  later  when  dealing  with  the  nutrition  of  plants. 
The  green  colour  is  only  formed  when  a plant  is  exposed  to 
sunlight.  Every  one  knows  that  plants  which  germinate  in  a 
cellar  are  pale  and  yellowish,  but  that  they  become  green 
when  placed  in  the  light.  I he  presence  of  iron  is  also 
necessary  in  order  that  the  chloroplasts  may  become  green. 

The  position  of  the  chloroplasts  in  the  inferior  of  the  cell  is 
often  influenced  by  the  light.  They  lead  in  a certain  respect 
an  independent  life,  and  they  have  even  been  observed  to 
divide.  In  addition  to  the  Chlorophyll  corpuscles,  there  are 
other  bodies  which  are  of  special  importance  among  the  cell 
contents.  These  are  the  starch-grains,  and  must  be  con- 
sidered  as  the  product  of  the  food  taken  in  by  the  plant. 
They  arise  inside  the  Chlorophyll  corpuscles,  or  in  special 
colourless  granules,  called  “ leucoplasts.  1 he  fact  that  they 
are  in  the  form  of  corpuscles  shows  that  they  are  insoluble  in 
cell-sap,  and  therefore  also  in  water.  Starch-grains  cxhibit 
various  forma  in  different  plants.  This  renders  it  possible  to 
detect  adulterations  in  the  various  kinds  of  flour  which  consist 
of  starch  by  examining  them  under  the  microscope.  A 
stratification  in  the  grains  can  usually  be  more  or  less  plainly 
discerned.  They  are  easily  recognised  when  coloured  blue 
with  iodine.  They  are  of  great  importance  in  the  life  ot  the 
plant,  but  at  present  we  will  only  remark  that  they  represent 
the  most  important  constructive  and  reserve  materials. 

Among  the  other  cell  contents  may  be  mentioned  those 
colouring  matters  which  are  not  green.  In  spite  of  thcir 
great  and  striking  variety  they  may  be  divided  mto  two  groups  : 
(i)  those  which  are  soluble  in  the  cell  sap,  t.e.  blue  and 
red  colours,  and  (ii)  those  which  are  insoluble,  /'.  r.  yellow 
colours.  The  latter  are  in  the  form  of  corpuscles,  which  are 
doubticss  closcly  connected  with  Chlorophyll  grains,  and  are 
called  « chromoplasts.”  The  great  variety  of  colours  in  the 
plant  world  is  attained  in  a very  simple  manner,  by  combinations 
of  the  various  colours  and  by  special  structural  modiiications. 
Tannin  is  a substancc  which  is  widely  distributed  in  the  plant 
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»world.  It  is  soluble,  and  can  therefore  only  be  shown  by 
.certain  Chemical  reactions.  ln  spite  of  extensive  experimcnts 
■we  know  little  of  its  use,  but  it  is  certain  that  a kind  of  tannin 
»is  connected  with  a red  or  blue  colour. 

Besides  the  above-mentioned  cell-contents,  crystals  of 
various  salts  occur.  These  may  take  the  form  of  needles, 
double  pyramids,  and  stars.  Oxalate  of  lime  needs  special 
»consideration  in  this  connection ; crystals  of  this  salt  are  by- 
products,  which,  being  poisonous,  furnish  a means  of  protection 
against  the  attacks  of  animals.  Aleurone  grains  may  lastly 
be  mentioned.  These  are  formed  of  proteid,  and  often  contain 
roundish  or  crystal-like  masses  of  proteid.  They  occur  in  the 
seeds  of  grasses  and  of  Ricinus. 

3.  Wood-vessels  and  sieve-tuhes.  It  may  be 
stated  as  a principle  that  there  is  no  part  of  the  plant  which  does 
not  consist  of  cells,  or  has  not  been  originally  derived  from 
cells. 

The  body  of  the  plant  is  traversed  by  tubes,  which  arise 
in  the  roots  and  terminate  in  the  delicate  veins  of  the  leaves. 
These  were  also  originally  cells,  but  they  have  become 
tubes  through  the  absorptionof  the  transverse  walls  of  perpen- 
dicularly  adjacent  cells.  They  are  called  “ vessels,”  and  form 
a System  for  conducting  air  and  water.  They  can  be  recog- 
nised  under  the  microscopc  by  the  fact  that  they  possess 
peculiar  thickenings  on  their  walls,  which  project  on  the 
inner  surface  of  the  tubes,  and  are  either  spiral,  ring-like, 
net-like,  ladder-like  or  pitted ; we  can  distinguish  therefore 
between  spiral,  annular,  reticulate,  scalariform  and  dotted 
vessels.  These  thickenings  obviously  serve  to  stiften  the 
vessels  (Fig.  2,  e and  f),  thus  giving  them  greater  strength. 
The  walls  of  the  vessels  are  woody,  and  therefore  allow 
water  to  pass  up.  As  they  no  longer  contain  energids,  the 
vessels  may  be  considered  as  dead,  but  in  spite  of  this  they 
play  an  important  part  as  conductors  of  air  and  water.  The 
vessels  and  trachcides  are  connected  by  transitional  forrns. 

Near  the  vessels  of  the  wood  there  occur  in  plants  others 
called  “ sieve-tubes.”  These  are  also  tubes  which  are  formed 
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from  upright  rows  of  adjacent  cells,  but  in  this  case  the 
transverse  walls  are  not  entirely  absorbed,  but  are  pierced  with 
holes  like  a sieve.  Similar  sieve-plates  are  also  found  on  the 
sides  of  the  sieve-tubes.  The  walls  consist  of  Cellulose,  and 
the  protoplasmic  contents,  which  are  present  at  least  as  a thin 
layer  round  the  wall,  indicate  that  the  sieve-tubes  are  still  living. 
They  serve  for  the  conduction  of  nutritive  material  in  the 
form  of  proteid  (Fig.  2,  g). 

We  may  finally  mention  the  laticiferous  vessels,  containing 
a milky  juice  which  is  characteristic  of  many  plants.  These 
vessels  arise  by  the  absorption  of  the  transverse  walls  of 
rows  of  cells.  There  may  also  occur  laticiferous  spaces, 
consisting  of  single,  branched  cells  of  great  length,  which 
continue  growing  at  the  end,  as  in  spurge. 

4.  The  tlssues.  It  has  been  already  shown  that  the 
living  activity  of  the  cell  consists  in  the  fact  that  it  is  capable  of 
division.  Many  of  the  lower  plants  remain  always  unicellular. 
If  division  takes  place  the  two  daughter-cells  again  separate. 
Among  most  plants  this  Separation  does  not,  however,  occur, 
the  two  new  cells  remaining  in  connection  with  one  another. 
These  daughter-cells  are  capable  of  following  the  example  of 
the  mother-cell  and  of  dividing  again,  while  each  time  the 
dividing  cells  give  up  their  own  individuality,  and  form  two 
new  cells.  Thus  arises  a community  of  cells,  which  is  called 
a “ tissue  ” (Fig.  2,  c and  d). 

The  character  of  the  tissue  will  be  obviously  influenced  by 
the  direction  in  which  the  division  and  expansion  of  the  cells 
takes  place.  If  this  occurs  in  a direction  perpendicular  to 
the  long  axis  of  the  cell,  there  arises  from  this  growth  a 
thread-Iike  tissue,  only  one  cell  wide.  If  the  division  takes 
place  in  two  directions,  a flat  structure  arises ; and  lastly, 
when  the  cells  divide  in  tliree  directions  perpendicular  to  each 
other  a cellular  body  is  formed. 

Plants  are  found  corresponding  to  all  these  forms.  Among 
unicellular  plants  we  find,  especially  in  the  lower  forms,  those 
which  represent  a thread-like,  flat  or  cubical  tissue.  Among 
the  higher  plants  similar  tissues  occur,  but  the  cubical  form 
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then  predominates.  In  classifying  the  various  kinds  of  tissue 
in  the  higher  plants,  the  structure  of  the  separate  cells  is  of 
importance,  but  if  they  are  to  be  rightly  understood  their 
function  must  also  be  taken  into  consideration. 

When  the  cells  which  compose  the  tissue  are  dice-shaped, 
prismatic,  or  globular,  the  tissue  is  said  to  be  parenchymatous 
(parenchyma)  ; when  it  consists,  on  the  other  hand,  of  long 
fibrous  cells  it  is  said  to  be  prosenchymatous  (prosenchyma). 
The  former  is  of  most  use  in  taking  up  food,  the  latter  in 
the  conduction  of  water  and  mechanical  strengthening.  When 
in  a parenchymatous  tissue  the  corners  only  of  the  cells  are 
thickened,  it  is  called  collenchyma,  but  if  the  whole  wall 
is  thickened  (Fig.  3,  sclerenchyma)  it  is  called  sclerenchyma. 

The  Classification  of  tissues  according  to  their  function  is 
of  much  greater  importance.  We  must  first  consider  whether 
the  tissue  is  still  capable  of  division,  in  which  case  it  is  called 
“ meristem  ” (the  most  important  being  the  meristem  of  the 
growing  point,  which  is  found  at  the  tips  of  shoots  and  buds, 
and  that  of  the  canibium,  by  means  of  which  the  stems  of 
trees  increase  in  thickness).  If  the  tissue  has  lost  the  power  of 
division  it  is  said  to  be  “ permanent.”  The  permanent  tissues 
may  be  distinguished  as  epidermal,  fundamental  and  vascular, 
according  to  their  position  and  form. 

(a)  The  epidermal  tissue,  as  the  name  implies,  covers 
the  whole  of  the  young  plant  like  a skin : in  older  plants  it  is 
found  in  the  leaves  only.  The  remaining  tissue  of  the  plant 
appears  as  a mass  of  cells  (fundamental  tissue)  in  which 
certain  cord-like  bodies  (vascular  tissue)  are  as  it  were 
imbedded. 

The  cells  of  the  epidermis  have  no  inter-cellular  spaces ; 
they  contain  no  Chlorophyll,  and  the  outer  layer  of  the 
external  walls  is  corky  (cuticularised)  ; they  are  therefore 
elastic  and  impermeable  to  water.  They  are  either  hexagonal 
and  elongated,  as  in  green  stems,  or  their  walls  are  sinuous 
and  fit  into  one  another,  as  in  broad  leaves.  They  possess 
weak  energids,  colourless  chromotophores,  and  contain  much 
water ; thus  the  plant  is  surrounded  by  the  epidermis  as 
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by  a water  mantle.  The  impermeability  to  water  is  often 
incrcased  by  a waxy  deposit  on  the  epidermis,  as  in  peas ; and 
incrustations  of  silicate  and  chalk  sometimes  occur.  The 
epidermis  of  leaves  serves  also  for  the  interchange  of  gases 
and  for  transpiration.  On  this  account  it  possesses  special 
contrivances  called  stomata.  Two  bean-shaped  cells,  or 
“ guard-cells,”  containing  Chlorophyll,  are  placed  opposite 
each  other,  and  between  theni  is  a cleft,  which  closes  or  opens 
as  the  guard-cells  approach  or  recede.  Both  movements  are 
regulated  by  the  plant  itself ; whcn  the  guard-cells  are  turgid 
they  separate,  when  they  are  flaccid  they  approach  one  another, 
the  movement  bcing  connected  with  the  ditference  in  form  of 
the  walls  of  the  guard-cells. 

Stomata  are  chiefly  found  on  the  lower  surface  of  ordinary 
foliage  leaves,  on  the  upper  surface  of  floating  leaves,  and  in 
fewer  numbers  on  herbaceous  stems.  Many  plants  possess 
special  watcr-stomata  which  excrete  water  in  the  form  of 
drops. 

Hairs  are  epidermal  structures ; the  simplest  are  formed  by 
the  outgrowth  of  the  epidermal  cells;  when  cells  of  a 
deeper  layer  take  part  in  their  formation,  they  are  called 
cmergences.  Both  are  very  varied  in  form,  and  serve  as  a 
protection  against  evaporation  and  the  attacks  of  animals. 
Many  hairs  give  rise  to  a secretion,  as  in  glandular  and 
stinging  hairs. 

(l>)  The  fundamental  tlssue  may  show  any  of  die  above- 
ijamed  forms  according  to  the  function  which  it  is  destined  to 
fulfil.  Parenchymatous  ground  tissuc  is  for  the  most  part 
nutritive  in  function,  and  therefore  often  contains  Chlorophyll; 
it  occurs  in  leaves  and  in  bark.  The  pith  of  trees  is  also 
parenchymatous,  but  must  be  considered  as  dead  since  its  cells 
contain  no  protoplasm.  Sclerenchymatous  and  collenchymatous 
tissues  occur  in  the  bark,  and  tend  to  give  it  rigidity.  Between 
the  cells  are  often  found  pits  and  intercellular  spaces  (F ig.  2,c), 
which  serve  for  Ventilation.  When  the  spaces  are  large,  and 
the  cells  stellate,  a spongy  tissue  is  formed  (Fig.  2,  d). 
(See  many  water-plants. ) 
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The  ground  tissue  may  also  serve  as  a place  to  störe 
up  food,  starch  being  often  deposited  in  it  as  a reserve 
material.  Waste  materials  as  resin,  gum,  ethereal  oils,  and 
alkaloids  may  also  accumulate  in  the  ground  tissue.  These 
may  have  secondary  uses. 

(r)  The  vascular  tissue  is  represcntcd  by  those  cords 
which  traverse  the  whole  plant,  being,  as  we  have  already 
said,  embcdded  as  it  were  in  the  ground  tissue.  They  begin 
in  the  tips  of  the  roots  and  end  in  the  fine  ramifications  of 
the  veins  of  the  leaves.  They  form  a conducting  tissue,  but 
have  also  other  uses,  which 
will  be  presently  explained. 

They  are  a beautiful  proof  of 
the  supreme  wisdom  of  the 
methods  of  Nature,  many 
functions  being  fulfilled  by 
one  set  of  organs. 

The  cords  or  Strands 
(Fig.  4)  contain  vessels,  and 
are  therefore  called  vascular 
bundles.  This  is  not,  how- 
ever,  a good  term,  as  the  /, 
vessels  are  not  the  most  im- 
portant constituents,  a better 
name  being  that  of  “ con- 
ducting tissue.”  They  con- 
sist,  when  in  their  most 
distinct  form,  of  thrce  pan. : »tSSfc  b£S  SSiSE’' 
vessels,  called  also  wood, 

sieve-tubes  or  bast,  and  cam-  tube*;  g,  vcssel;  /</,  wood  prosen- 
bi  um.  The  vascular  bündle  chyma ; shoa.h  ; M fundamental 

usually  appears  egg-shaped 

in  tranverse  section,  and  these  three  parts  are  so  arranged 
that  the  cambium  occupies  a narrow  zone  between  the  two 
other  parts.  The  vascular  bündle  is  generally  so  placcd  that 
the  wood  is  in  the  centre,  and  the  bast  at  the  circumference. 

The  wood- vessels  are  so  called  from  their  most  conspicuous 


Fig.  4. 
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elements,  the  vessels.  The  inner  vessels  are  smaller  than  the 
outer,  and  an  examination  of  the  longitudinal  section  shows 
that  these  inner  small  vessels  are  spiral  and  annular.  The 
outer  vascular  bundles  possess  only  dotted  vessels.  Between 
the  vessels  lie  parcnchymatous  cells  and  wood-fibres,  the  latter 
often  constituting  the  greater  part  of  the  wood. 

In  the  bast  are  found  sieve-tubes  (without  nuclei),  and 
close  to  these  are  parenchymatous  cells,  called  companion- 
cells  (with  nuclei).  This  part  of  the  vascular  bündle  is 
generally  formed  of  thin-walled  unlignified  cells,  and  occupies 
a smaller  space  than  the  wood.  The  bast  is  often 
protected  on  the  outside  by  a group  of  fibres,  which.  may 
unite  with  similar  fibres  surrounding  the  wood,  and  form  a 
protecting  sheath.  When  this  surrounds  the  whole  bündle  its 
enlargement  is  prevented.  The  cambium  then  becomes 
differentiated  into  a thin-walled  tissue.  Such  a bündle  is 
said  to  be  “ closed,”  while  in  the  former  case  it  is  said  to 
be  “ open.” 

The  cambium  is  a layer  of  very  delicate  cells  which  have 
the  property  of  division,  and  add  to  the  bast  on  the  outside, 
and  to  the  wood  on  the  inside.  It  is  connected  directly 
with  the  meristem  of  the  growing-point,  and  is  therefore  a 
primary  meristem. 

With  regard  to  the  function  of  the  vascular  bundles  they 
serve  in  the  first  place  for  conduction  ; the  wood  for  the 
conduction  of  water,  the  bast  for  the  conduction  of  albuminous 
matter.  At  the  same  time  the  vascular  bundles  serve  a 
mechanical  purpose  and  keep  the  plant  upright  by  means  of 
their  cells  and  fibres ; they  accordingly  form  girders,  which 
in  their  whole  disposition  as  well  as  in  the  arrangement  of 
their  cells  conform  to  the  laws  of  mechanics. 

5.  Qrowth  in  thickness.  Single  vascular  bundles,  as 
those  described  above,  are  found  in  weak  annual  stems,  in  the 
stems  of  Monocotyledons,  and  in  leaves.  It  must,  however,  be 
borne  in  mind  that  the  arrangement  becomes  less  simple  when 
the  stem  in  the  course  of  its  life  increases  in  thickness,  as  in 
most  Dicotyledons.  In  this  case  the  growth  proceeds  from 
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( the  bündle,  and  from  that  special  part  of  it  which  is  called 
1 the  cambium. 

The  delicate  cells  of  the  cambium  retain  the  power  of 
division  ; they  form  as  it  were  a perennial  spring  of  youth,  by 
means  of  which  the  plant  can  be  continually  renewed.  At 
the  same  time  a stränge  thing 
1 occurs.  It  is  apparent  that 
growth  in  thickness  would  be 
! irregulär  if  the  cambium  werc 
■ only  present  in  separate  bundles. 

In  Order  to  prevent  this  a 
closed  ring  soon  arises,  this 
being  formed  by  means  of  the 
division  of  those  parenchym- 
atous  cells  of  the  ground 
tissue  which  lie  betwcen  the 
patches  of  cambium.  The  new 
cells  thus  formed  are  added  to 
the  cambium. 

The  cambium  ring  which 
has  arisen  in  this  rnanner 
continues  to  produce  vessels,  fibres  and  parenchyma  on  the 
inside,  and  sieve-tubes,  fibres  and  parenchyma  on  the  outside. 
The  former  form  a close  thick  cylinder  of  tissue,  usually 
known  as  wood  ; the  latter,  on  the  contrary,  form  only  outside 
the  original  vascular  bundles.  The  bast  fibres,  however,  are 
connected  togelher  in  firm  6trands,  and  an  account  of  this 
property  are  used  for  purposes  of  tying  and  similar  uses. 

In  the  Coniferse  the  secondary  wood  consists  only  of 
trachei'des,  while  in  shady  trees  (as  in  those  of  our  orchards 
and  woods)  it  has  a very  complicated  structure,  producing 
trachei'des,  fibres,  parcnchymatous  cells  and  many  transitional 
forms  in  addition  to  true  vessels.  By  this  means  a great 
variety  arises  among  the  different  kinds,  so  that  the  wood  is 
characterisdc  of  the  species.  The  vessels  and  trachei'des 
serve  for  the  conduction  of  air  and  water.  Starch  is  often 
6tored  in  the  parenchymatous  and  fibrous  parts  in  the  winter. 


Fig.  5. 


Diagram  showing  the  arrangement  of 
the  vascular  bundles  (in  transverse 
scction)  in  a Dicotyledon,  as 
crowfoot  (Fig.  5,  a),  and  a 
Monocotyledon,  as  sedge  or  grass 
(Fig.  5.  0). 

In  a,  the  bundles  are  arranged  in  a 
circle,  and  the  cambium  arises 
along  the  dotted  line  when  growth 
in  thickness  begins.  In  i,  the 
bundles  are  seen  to  be  scattered. 
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The  woody  tissue  must  not  be  regarded  as  a perfectly 
compact  cylinder.  It  is,  on  the  contrary,  traversed  by  plates 
of  cclls  which  run  in  perpendicular  rays  from  the  inside  to  the 
outside,  so  that  in  transverse  section  they  appear  as  narrow 
rays,  butin  radial  section  (/.  e.  a section  taken  in  the  direction 
of  the  radius)  they  are  seen  as  plates  of  cells.  I hey  are 
called  pith  rays  because  they  in  some  cases  radiate  outwards 
from  the  pith  or  central  part  of  the  ground  tissue : this  is  the 
case  in  the  original  spaces  between  neighbouring  vascular 
bundles.  There  are,  however,  other  pith  rays,  which  are 
shorter  and  do  not  reach  the  pith ; these  are  said  to  be  “second- 
ary” in  contradistinction  to  the  others  which  are  “primary.” 
The  food-material  formed  in  the  leaves  passes  into  the  pith 
rays,  and  starch  is  often  stored  in  them. 

The  activity  of  the  cambium  depends  naturally  on  outward 
circumstances.  If  the  means  of  nutrition  are  unfavourable, 
the  living  activity  which  is  shown  by  the  division  of  the 
cambium  is  Icssened.  In  our  latitudes,  however,  the  period 
of  growth  is  not  continuous,  but  is  interrupted  by  the  ap- 
proach  of  the  colder  season.  The  withered  leaves  then  fall 
from  the  bough,  and  the  tree  Stretches  its  bare  branches 
mournfully  towards  the  sky.  Even  in  the  interior  of  the 
tree  the  flow  of  life  is  checked,  as  if  a deep  winter  sleep 
held  all  the  cells  under  its  numbing  influence  ; the  division  of 
the  cambium  is  completely  stopped,  and  no  incrcase  in  thick- 
ness  can  therefore  take  place.  We  know,  however,  that 
'winter  does  not  come  suddenly  after  a warm  summet  day. 
He  slowly  seizes  his  sceptre,  and  by  means  of  his  milder 
fore-runner,  autumn,  he  accustoms  naturc  to  his  own  harsher 
sway.  In  consequence,  the  activity  of  the  tree  in  the  course 
of  the  autumn  gradually  ceases,  and  the  divisions  of  the 
cambium  become  less  and  less.  At  the  same  time  the  cells 
formed  from  it  become  thicker-walled  and  narrower,  and  the 
number  of  vessels  is  smaller.  The  result  is  that  the  autumn 
wood  appears  closer  than  that  formed  earlier  in  the  year. 
When  after  the  winter  rest,  a fresh  period  of  growth  sets  in, 
awakened  by  the  milder  breezes,  then  the  living  sap  begins 
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oncc  morc  to  rnove  in  the  plant,  and  division  takcs  place  in 
the  cells  of  the  cambium  with  rencwed  energy.  In  conse- 
quence  of  this  a tissue  arises,  called  the  “spring  wood,”  which 
is  of  an  cntirely  different  character.  It  has  wide  thin-walled 
> cells,  and  is  richer  in  vessels,  and  is  thus  of  a much  looser 
tcxture  than  the  “ autumn  wood.” 

If  we  imagine  this  process  repeated  year  aftcr  year,  we  can 
mnderstand  that  when  seen  in  transverse  section  the  wood 
; appears  to  be  composcd  of  concentric  rings,  a sharp  dcmarca- 
t tion  appearing  between  the  open  spring  wood  and  the  firm 
' close  wood  of  the  previous  autumn.  These  are  the  well- 
known  “ annual  rings.”  The  fruitfulness  and  mode  of  growth 
of  each  year  may  be  inferred  from  thcir  formation  and  thick- 
ness.  Since  a ring  is  added  to  the  wood  every  year,  the  age 
of  the  tree  may  be  reckoned  from  the  number  of  annual 
rings.  Growth  is  not  so  regulär  in  the  region  of  the  hast, 
especially  when  the  hast  fibres  arise  in  a circle.  In  any  case 
the  age  of  the  tree  cannot  be  told  by  an  examination  of  this 
part. 

As  the  tree  increases  every  year  in  thickness,  the  outcr 
sheath  must  necessarily  undergo  a change.  The  cpidermis  is 
formed  of  corky  and  elastic  cells,  and  these  are  able  at  first  to 
yield  to  the  pressure  exercised  on  them  from  within  ; but  this 
condition  cannot  long  continue,  and  when  the  bounds  of  the 
elasticity  of  the  cpidermis  are  overstcpped,  the  cells  are 
ruptured.  The  plant  must  then  in  some  way  prevent  the 
stream  of  sap  from  finding  an  outlct  at  the  side. 

Bcfore  such  a catastrophe  can  take  place  there  arises  a 
layer  of  meristematic  cells,  either  in  the  epidermis  itself  or  in 
the  cells  which  lie  bencath  it.  Thus  a complete  sheath  of 
closc-lying  cells  is  formed  in  the  stem.  Although  these  cells 
are  for  the  most  part  rathcr  thin-walled,  yet  on  account  of 
the  cuticularisation  of  their  walls  they  cxhibit  considerable 
extensibility,  and  at  the  same  time  prevent  the  evaporation  of 
water.  If  this  Substitution  for  the  epidermis  is  to  be  permanent, 
it  must  be  constantly  renewed,  and  this  is  effected  by  means 
of  a special  cambium  in  the  bark  of  the  tree.  From  this 
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cambium  new  cork  cells  are  given  off  on  the  outside,  at  th< 
same  rate  at  which  the  outer  cells  perish  or  become  rupturec 
by  the  increase  of  the  tree  in  thickness.  The  sheath  of  tissu« 
thus  formed  is  called  cork,  and  is  of  varying  size.  In  the 
oak  the  thickness  of  the  layer  of  cork  renders  it  possible  tc 
remove  it  and  use  it  in  various  ways,  for  which  its  elasticity 
and  impermeability  to  water  render  it  valuable. 

The  supplementary  cork  cambium  may  arise  either  in  the 
epidermis  itself,  or  in  the  deeper  layers  of  the  bark.  This 
may  lead  to  a formation  of  a special  kind.  If  the  cork 
originates  in  the  deeper  layers  it  will  cut  off  all  the  tissues 
outside  it.  The  cork  prevents  water  from  being  brought 
to  thcse  tissues,  the  natural  result  being  that  they  slowly 
perish.  The  outer  layers  of  tissue  (bark)  become  dried 
up  and  gradually  fall  off  with  the  outer  cork.  We  may 
distinguish  between  two  chief  kinds  of  bark,  scale-bark  and 
ring-bark.  The  former  can  be  casily  seen  in  pear-trees  and 
pines.  In  these,  small  portions  of  the  bark  are  cut  off  by  the 
cork  and  set  free  in  the  form  of  scales.  The  ring-bark,  secn 
in  cherry-trees  and  birches,  is  formed,  on  the  contrary,  by  a 
closed  cork  layer  which  completely  surrounds  the  tree.  In 
consequence  of  the  increase  in  thickness  this  layer  cracks 
and  comes  off,  thus  making  room  for  a deeper  layer  ot  cork. 

6.  Waste  products.  Beside  the  elements  in  the  plant 
body  which  we  have  mentioned  above,  there  are  others  of 
minor  importance.  These  are  called  waste  products,  ■ and 
are  substances  exereted  by  the  plant  bccause  they  are 
valueless  as  regards  its  further  growth.  The  waste  pro- 
ducts are  usually  gums,  resins,  and  ethereal  oils.  I hey  are 
by-products  of  metabolism,1  but  in  spite  of  this  have  some 
subordinate  function.  They  thus  show  the  wonderful  way  in 
which  every  part  of  the  plant  has  its  use,  while  the  inter- 
dependence  of  the  various  parts  proves  that  all  is  guided  by 
Supreme  Wisdom,  and  is  not  merely  due  to  chance.  Many 

1 By  metabolism  ismeant  tho*e  “ active  Chemical  proresses  which 
are  inseparably  associated  with  the  vital  activity  of  the  protoplasm. 
(“  Vinea,”  Physiologe  of  Pliints,  p.  4.) 
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:f  these  substances,  especially  in  leaves,  seeds,  and  fruits, 
<re  resinous  and  strong-smelling,  and  protect  the  parts 
11  which  they  are  found  from  being  devoured  by  animals. 
>)thcrs,  as  certain  ethercal  oils,  serve,  on  the  other  hand,  to 
ttract  animals  in  Order  to  induce  them  to  scatter  the  seeds 
r fruits. 

The  large  masses  of  resin,  which  flow  from  wounds  in  firs 
ad  pines,  keep  out  the  air,  and  thus  enable  the  wounds  to 
eal  more  effectually.  The  balsams  which  cover  buds,  as 
1 1 the  horse-chestnut,  protect  the  young  leaves  from  animals, 
ad  from  exccssive  transpiration.  The  sticky  material  on 
oe  stems  of  the  viscous  Catch-fly  acts  as  a lime-twig,  and 
itches  unwelcome  guests  before  they  can  enter  the  flower. 
These  substances  are  found  stored  up  in  the  epidermal, 
indamental,  or  vascular  tissue.  We  may  here  also  include 
tex,  which  consists  of  a milky  liquid  often  containing 
arch-grains  or  sugar,  and  sometimes  also  rcsins  and  gums. 
::  is  found  in  ramifying  vessels  which  either  form  a nctwork 
> in  Scorzonera,  or  consist  of  branched  cells  as  in  spurge. 
^esins,  gums  and  tannin  are  often  found  in  long,  tlvin-walled, 
verlapping  cells,  which  lie  chiefly  in  the  ground  tissue.  It 
ften  happens  that  between  the  cells  arise  intercellular  spaces, 
>rmed  by  the  Separation  of  the  cell-walls,  and  containing 
um  and  resin.  At  the  same  time  the  passage  may  be  lined 
y special  cells  which  secrete  these  waste  products,  partly 
roducing  them  at  the  same  time  by  changes  in  their  own 
.•11-walls. 

7.  The  life  of  the  tlssues.  A great  division  of  labour 
seen  in  the  various  tissues.  One  kind  servcs  for  nutrition, 
tother  for  conduction,  and  a third  for  storage.  One  retains 
ater  in  the  plant,  and  regulates  evaporation,  anothcr  gives  it 
ic  necessary  rigidity.  Each  thus  ha3  its  special  work.  We 
ave  already  seen  that  the  tissues  have  the  power  of  growth. 
'his  is  shown  by  the  increase  of  the  stem  in  thickness,  by 
te  formation  of  cork,  and  the  cutting  off  of  new  cells  at 
ae  growing  point. 

The  life  of  the  tissues  naturally  depends  on  the  life  of  the 
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energids  of  their  cells.  It  follows  therefore  that  as  the  cell 
without  energids  is  dead,  a tissue  composed  of  such  cells  is 
dead  also.  Even  dead  tissues,  however,  may  have  a special 
use.  Many  indeed,  as  bark,  and  often  also  pith,  are  thrown 
off  or  re-absorbed.  Others,  as,  for  example,  the  heart-wood 
of  trees,  tend  to  increase  rigidity  and  keep  the  tree  upright. 

8.  Structure  of  leaves  and  roots.  The  stem  and 
root,  being  both  axial  organs,  are  radial  in  structure;  the 
leaf,  on  the  contrary,  is  bilateral,  and  shows  a distinction 
betwcen  the  upper  and  lower  side.  I he  fully-formed  leaf  is 
flat,  and  consists  chiefly  of  ground  tissue.  It  is  covered  on 
both  sides  by  an  epidermis,  the  structure  of  which  has  already 
bcen  described.  In  the  ground  tissue  of  the  leaf  lies  a rieh 
network  of  vascular  bundles,  called  in  this  case  veins  or 
nerves.  These  names  are  both  objectionable,  as  the  Strands 
bear  very  little  resentblance  to  the  veins  of  animals,  and  none 
at  all  to  nerves.  They  are  simple  vascular  bundles,  and  are 
incapable  of  growth  in  thickness,  though  often  possessing 
considerable  mechanical  strength. 

The  chief  Strands  are  specially  strong,  and  serve  for  the 
conduction  of  food,  and  for  the  support  of  the  leaf  (like  the 
ribs  of  an  umbrella).  The  finer  Strands  serve,  on  the  other 
hand,  for  conduction  only,  and  form  a very  close  network,  in 
order  that  they  may  be  quite  near  the  places  front  which 
material  is  to  be  removed.  The  food-matcrial  is  found  in 
.the  remaining  ground  tissue,  which  consists  of  a morc  or  * 
less  loose  parenchynta,  the  cells  of  which  contain  a 
large  amount  of  Chlorophyll.  Two  layers  can  usually  be  j 
distinguished  in  the  leaf  tissue.  Under  the  upper  epidermis 
lie  perpendicularly  arranged  cells  (palisade  parenchyma). 
Several  palisade  cells  come  into  contact  with  certain  somewhat 
funnel-shaped  collecting  cells,  and  these  again  unite  with  the 
loose  spongy  parenchyma  in  which  are  large  mtercellular  j 
spaces.  Below  this  tissue  is  the  lower  epidermis  with  ; 
its  stomata.  The  palisade  cells  are  primarily  assimilatmg 
organs ; their  clongated  shape,  perpendicular  to  the  loa  - 
surface,  retards  the  entrance  of  the  rays  of  light  to  the  least 
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aossible  extern,  this  being  important  for  the  process  of 
ussimilation. 

This  outline  sketch  of  the  structure  of  the  leaf  will  be 
«een  to  leave  scope  for  many  deviations.  Great  differences 
rn  the  external  forms  of  leaves  are  always  connected  with 
variations  in  the  internal  structure. 

The  root,  being  an  axial  organ,  resembles  the  shoot  rather 
.han  the  leaf  in  anatomical  structure,  although  it  at  the  same 
ime  exhibits  fundamental  differences.  In  the  first  place  the 
uascular  bundles,  at  least  in  thin  roots,  lie  in  the  centre  of  the 
:^round  tissue,  leaving  no  pith ; secondly,  the  vessels  and 
i.ievc-tubes  are  not  disposed  on  the  same  radii,  but  lie  on 
different  radii  so  that  two  neighbouring  groups  of  wood- 
ivessels  are  separated  by  a group  of  sieve-tubes.  In  addition, 
.he  first-formed  narrow  and  thick-walled  vessels  of  the 
[orimary  wood  lie  to  the  outside,  while  the  larger  vessels  of 
tbhe  secondary  wood  are  inside.  The  number  of  these  groups 
l >f  protoxylem  varies  in  different  roots.  The  third  peculiarity 
>f  the  root  consists  in  the  fact  that  the  central  vascular 
cylinder  is  surrounded  by  a simple  sheath  of  thin-walled 
:ells  called  the  pericycle,  outside  which  is  the  endodermis  or 
oundle-sheath.  The  latter  is  often  formed  of  thick-walled 
oells,  by  means  of  which  the  axial  cylinder  is  made  water- 
ight  from  the  outside.  The  whole  of  this  centrally  situated 
:ylinder  may  be  surrounded  by  a thick  layer  of  cortex.  Out- 
side lies  the  epidermis,  which,  however,  contains  no  stomata, 
is  these  would  be  useless  below  the  surface  of  the  earth. 

The  roots  are  capable  of  growth  in  thickness,  but  since  the 
wood  and  hast  are  not  arranged  in  the  same  way  as  in  the 
item,  this  must  necessarily  be  accompanied  by  a difference 
n the  method  of  growth.  Division  takes  place  in  the  cells 
.ying  inside  the  bast  and  outside  the  wood.  A cambium 
■8  thus  formed,  which  has  at  first  a wavy  outline,  and  gives 
rise  to  bast  on  the  outside  and  wood  on  the  inside.  The 
cambium  gradually  becomes  more  and  more  circular,  and 
at  last  the  difference  between  the  stem  and  the  root  can 
äcarcely  be  distinguished.  In  many  cultivated  roots,  on  the 
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othcr  hand,  the  thickening  does  not  depcnd  on  the  formation 
of  wood,  but  on  the  increase  of  the  parcnchyma,  which 
undergoes  great  enlargement,  and  serves  for  the  reception  of 
a great  quantity  of  cell  sap,  as  in  turnips,  carrots,  and  beetroot. 

If  we  inquire  into  the  reason  of  the  difference  in  anatomical 
structure  between  the  stem  and  root,  we  find  it  lies  primarily 
in  the  mechanical  work  performed  by  each.  It  is  a law  of 
mechanics,  that  in  contrivances  which  are  destmed  to  possess 
rigidity,  the  parts  on  which  the  work  depends  are  exposed  to 
the  greatest  stress,  and  are  placed  in  the  periphery,  while  the 
strength  of  the  central  part  is  of  less  importance.  On  the 
other  hand,  in  contrivances  which  are  constructed  to  witnstand 
tension,  the  mechanical  elements  are  concentrated  in  the  axial 
portion.  Thcrcfore,  as  may  easily  be  seen,  the  stem  which 
Stands  upright  must  be  constructed  with  a view  to  resist  bcnd- 
ing,  and  for  this  reason  the  cells  which  are  mechanically 
important  form  a hollow  cylinder.  On  the  other  hand,  the  j 
roots  which  are  firmly  fixed  in  the  ground  are  constructed 
to  resist  tension,  and  for  this  purpose  they  possess  an  axia 
cvlinder  of  great  mechanical  strength.  In  the  same  way,  acriai 
parts  of  plants,  which  have  to  resist  a strong  pull  from  below,  1 
necd  a centripetal  arrangcment  of  their  mechanical  cells. 
This  is  seen  in  the  stems  of  erect  fruits. 


II.  The  External  Organs  of  Plants. 


i.  The  work  done  by  the  plant  and  the  method 
of  doing  it.  The  two  chief  aims  of  the  living  plantare 
the  preservation  of  its  own  life  and  of  that  of  the  species.  All 
work  achieved  by  plants  tends  to  one  or  the  other  of  these 
ends.  We  may  well  speak  of  “ work,”  for  the  busy  life  of 
plants  is  often  such  that  it  might  put  to  shame  die  work  done 
by  many  of  us.  We  may  take  the  cherry  seedling  as  an 
example  of  this.  In  the  hard  stone  of  a cherry  there  is  a little 
Jcerncl  or  seed,  from  which  may  spring  a cherry  trce.  If  we 
.wish  to  free  the  seed  from  its  voluntary  prison,  we  must  use 
a great  amount  of  force.  Our  fingers  have  not  strength  enough 
to  do  such  simple  work  as  opening  a cherry  stone,  and  we 
shall  have  to  use  our  teeth.  Perhaps  even  they  may  not 
avaii,  and  we  are  driven  to  seek  some  external  aid,  such  as  a 
heavy  hammer,  in  which  case  our  efforts  are  crowned  with 
success.  Let  us  now,  however,  examine  the  small  embryo  in 
the  seed.  Does  it  dare  to  measure  its  puny  might  against  our 
vaunted  strength  ? Lay  it  in  the  earth  ; expose  it  to  the 
gentle  influences  of  moisture  and  spring  breezes  : how  easily 
it  bursts  its  prison  walls,  and  comes  forth  triumphantly  likc  a 
hero  ! It  is  now  clear  that  work  has  been  accomplished. 
Important  work  is  also  done  when  the  plant  unfolds  its  leaves 
in  spring,  when  it  takes  up  water  by  its  roots  and  carbon 
dioxide  from  the  air,  and  works  them  up  into  starch.  In 
Order  to  do  work,  however,  implements  are  needed,  and  these 
are  found  in  the  organs.  If  we  wish  to  accomplish  any  work,  or 
even  merely  to  understand  it,  we  must  be  thorougbly  acquainted 
with  the  implements  which  are  necessary  for  its  performance. 
•We  will  therefore  give  a rapid  survey  of  the  external  organs 
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of  plants,  at  the  same  time  constantly  referring  to  the  part 
they  play  in  their  life.  In  other  words,  we  will  seek  to 
understand  the  use  of  each  organ,  and  this  can  only  be  rightly 
done  when  it  is  considered  in  the  living  state. 

Before  going  any  further  we  »tust  correct  one  error  which 
is  likdy  to  occur.  The  chief  interest  to  an  inquirer  into  the 
secrets  of  nature  lies  in  discovering  “ causality,”  that  is,  the 
reason  of  various  natural  phenomena.  He  will  also  inquire 
into  the  cause  which  has  determined  the  peculiar  characteristics 
which  each  plant  has  acquired  in  the  course  of  its  development. 
The  question  of  the  function  of  an  organ  is  quite  distinct.  To 
take  a well-known  example : we  know  that  the  function  of 
cork  is  to  prevent  the  evaporation  of  water  frorn  the  older  j 
stems  of  plants,  but  this  fact  does  not  explain  the  origin  of 
cork.  We  must  kcep  this  point  quite  clear  in  our  minds, 
especially  as  people  at  the  present  time  are  often  contented 
with  a teleological  method  of  explanation,  and  believe  that  : 
it  also  indicates  the  cause. 

It  is  not  advisable  to  classify  the  organs  of  plants  according  j 
to  their  functions,  as  we  are  able  to  do  in  the  case  of  animals,  * 
since  they  have  not  a uniform  character,  as  may  be  seen  in  the 
latter.  A plant  organ  serves,  however,  for  several  purposes  . 
at  the  same  time,  to  a much  greater  extent  than  is  the  case 
with  animals,  and  must  in  consequence  be  treated  ot  more  from 
a physiological  point  oi  view.  It  is  preferable,  therefore,  to 
• found  our  classification  of  plant  organs  on  a purely  morpho- 

logical  basis.  . 

A good  principle  for  classification  would  be  to  distinguish  ; 
axial  organs  from  their  appendages,  but  since  it  is  more  usual 
to  speak  of  the  root  and  stem,  we  will  also  follow  this  method. 
The  stem  itself  is  said  to  be  vegetative,  when  it  serves  for 
purposes  of  nutrition,  or  sexual,  when  it  serves  for  propagation. 
The  most  important  appendages  of  the  stem  are  the  leaves ; 
we  may  therefore  speak  of  the  root,  stem,  and  leaves  as  the 

three  principal  organs.  . 

We  have  already  shown  that  there  is  no  marked  distinction 
between  organs  in  relation  to  their  function ; it  is  also  clear 
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that  any  organ  can,  under  certain  circumstances,  be  diverted 
to  quite  other  uses.  Such  an  effect  is  always  brought  about 
by  special  external  conditions.  In  any  case  we  can  discover 
in  every  organ  a form  which  is  in  the  closest  relationship  with 
its  surroundings.  This  we  may  designate  as  the  typical  form. 
If  the  organ,  however,  has,  through  any  external  influence, 
forsaken  its  proper  function  in  order  to  perform  another,  we 
say  that  it  has  undergone  “ mctamorphosis.”  Such  an  organ 
bas  not  necessarily  become  less  active.  If  diminution  of 
activity  should,  however,  occur,  the  organ  is  spoken  of  as 
a “ reduced  ” form.  Finally,  it  is  still  to  be  shown  that 
plants  are  mounting  by  an  ascending  scale  towards  perfection, 
and  that  we  can  therefore  recognise  both  lower  and  higher 
degrees  of  perfection  in  the  different  Organs.  As  we  now 
consider  ourselves  justified  in  accepting  the  law  of  development 
throughout  the  whole  organised  world,  we  conceive  all  lower 
forms  to  be  “ rudimentary.” 

A typical  leaf  possesses  a flat  thin  blade  and  a stalk,  the 
former  having  green  leaf  tissue  and  numerous  Strands  of  vascu- 
Jar  bundles.  Ä leaf  of  this  structure  serves  both  for  purposes 
of  nutrition  and  of  transpiration.  Circumstances  may,  how- 
ever, arise,  in  consequcnce  of  which  these  functions  may  be 
checked  without  the  plant  becoming  less  highly  organised. 
The  leaves  may  in  this  case  be  either  partially  or  entirely 
msed  for  other  purposes ; thus  leaves  which  have  become 
metamorphosed  into  tendrils,  may  serve  to  hold  a weak  stem 
upright.  As  an  example  of  deterioration  in  mode  of  life,  we 
anay  take  a plant  which  abandons  the  position  of  independence, 
which  rests  on  its  power  of  obtaining  nutrition  from  water  and 
carbon  dioxide,  and  slavishly  associates  itself  with  another 
plant,  living  on  the  produce  of  its  work  ; in  other  words,  it 
becomes  a “ parasite.”  Parasites  become  more  and  more  ac- 
customed  to  a dolce  far  mente , and  this  is  always  accompanied 
in  nature  by  a deterioration  of  the  whole  organism.  Such  para- 
sites  lose  the  Chlorophyll,  which  is  so  valuable  to  other  plants, 
their  leaves  also  dwindle  and  become  more  or  less  represented 
by  small  scales,  which  we  cannot  designate  by  the  name  of 
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leaves.  Wc  speak  of  these  as  reduced  forms.  The  leaves 
of  the  lower  plants,  which  are  of  very  simple  structure,  be- 
cause  they  have  only  small  and  simple  Services  to  perform 
for  their  humble  posscssors,  arc  said  to  be  “ rudimentary.” 
Mosses  are  plants  of  this  kind,  the  leaves  being  one  cell  thick. 

From  these  examples  we  niay  concludc,  that  there  are  ölten 
many  difficulties  in  determining  the  true  use  of  an  organ  by 
the  study  of  its  adult  form.  The  study  of  the  history  of 
development  is  of  great  assistance  to  us  in  this  respect. 
Organs,  like  plants,  arise  from  small  beginnings.  If  we  there- 
fore  follow  the  development  of  any  organ,  we  may  arrive  at 
important  conclusions,  which  cannot  be  drawn  from  the  adult 
form.  Since  therefore  the  history  of  development  contri- 
butes  largely  to  the  comprehcnsion  of  morphology,  we  will 
introduce  the  latter  subject  by  a general  survey  of  the  former. 

2.  The  development  of  the  organs.  The  whole 
•plant,  even  in  the  case  of  the  mightiest  oak  tree,  arises  from  a 
single  minutc  cell.  By  frequent  divisioos  a cellular  body  is 
produccd,  and  from  this  again,  by  the  outgrowth  of  special 
parts,  the  rudimcnts  of  the  first  organs.  These  organs  sinu- 
larly  develop  further  by  the  repeated  division  of  their  cells,  and 
by  the  growth  caused  thereby,  the  adult  form  being  gradually 
acquired.  In  the  development  of  such  an  organ  the  growth 
is  usually  completed  by  elongation  and  expansion  alone.  1 bis 
is  not  only  the  case  at  the  first  germination  of  the  seed  ing, 
but  it  also  occurs  when  new  parts  arise  in  the  adult  plant. 
Under  normal  conditions,  new  parts  are  formcd  either  at  the 
tip  of  the  plant  and  of  its  side  branches,  or  in  the  axils  of  the 
leaves.  These  growtiis  are  called  “buds,”  especially  when, 
owing  to  some  interruption  in  the  vegetative  penod,  their 
activity  is  quiesccnt  for  a time,  and  reasserts  itself  at  the  com- 
mencement  of  a new  period.  On  the  other  hand,  the  plant 
grows  more  or  less  continuously  at  the  tips  of  the  shoots  and. 

f°  The  extreme  tip  of  the  bud,  the  so-called  growing-point, 
is  a rounded  mass  of  dclicate  cells,  which  are  meristematic  or 
capable  of  division,  and  in  which  life  is  more  aettve  than  in 
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jiny  other  part  of  the  plant.  Here  arise  thc  new  lateral  organs 
of  the  axis,  of  which  the  first  are  thc  leaves.  These  are  small 
jccelhdar  protuberances,  which  fold  over  thc  growing  point  and 
tprotect  it.  The  leaves  which  are  thc  furthest  from  the  tip 
are  the  most  advanced  in  development.  The  oldest  leaves, 
aided  by  various  other  contrivances,  serve  very  efficaciously 
•for  the  protection  of  the  buds.  It  is  obvious  that  these  need 
protection,  since  in  them  is  centred  the  whole  hope  of  the 
plant. 

The  end  of  the  axis  which  grows  down  into  the  soil,  that 
is  to  say,  the  tip  of  the  root,  has  an  essentially  different  struc- 
•ture.  It  necds  special  protection,  as  it  bores  its  way  into 
the  ground  between  the  particles  of  soil.  The  growing-point 
is  covered  by  a sheath,  calied  the  root-cap,  which  fits  on  the 
tip  like  a thimble  on  the  finger.  The  cells  of  the  root-cap 
are  also  renewed  by  the  growing-point.  Another  essential 
difference  consists  in  the  fact  that  the  lateral  organs  of  the  root 
are  not  formed  from  protuberances  of  superficially  placed  cells 
and  cell-masses.  Lateral  roots  are  present,  but  these  are  not 
of  superficial  origin.  They  arise  in  the  inferior,  on  the  outer 
side  of  the  vascular  cylinder,  and  are  therefore  obliged  to 
bore  their  way  through  the  more  or  less  thick  cortex  of  the 
1 root. 

3.  The  root.  The  root  may  be  defined  as  that  organ, 
or  System  of  organs,  which  grows  down  into  the  substratum 
(in  most  cascs  the  soil).  It  servcs  not  only  to  keep  the  rest 
of  die  plant  firm,  but  also  to  take  up  part  of  the  nourishment 
in  the  form  of  water,  and  salts  dissolvcd  in  it. 

Even  in  the  seed  we  can  distinguish  the  small  radicle,  which 
on  germination  grows  and  becomes  the  root.  It  possesses  thc 
singulär  propcrty  of  growing  vertically  downward  in  the  direc- 
tion  of  the  force  of  gravity.  It  soon  begins  to  give  rise  to 
lateral  roots,  which  possess  the  same  propcrty,  but  which  grow 
down  in  a rather  more  slanting  direction,  thus  gradually  form- 
ing  in  thc  soil  a rieh  network  of  roots.  Roots  are  produced 
in  accordance  w’ith  the  necds  of  the  plant ; the  larger  and 
heavier  the  plant,  the  greater  the  work  which  the  roots  mus: 
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perform  in  Order  to  hold  it  firmly  in  the  ground  in  Opposition 
to  various  f'orces,  as  for  example  that  of  the  wind.  In  plants 
which  have  woody  aerial  shoots  we  generally  find  that  lignifl- 
cation  takes  place  in  the  subterranean  parts  of  the  strongest 
roots.  The  use  of  such  roots  consists  entirely  in  holding  the 
plant  firmly  in  the  substratum,  and  in  the  taking  up  of  water. 
Many  plants  attain  this  object  by  sending  down  into  the 
ground  a strong  main  root,  callcd  the  tap-root.  In  this  case 
there  is  no  great  development  of  lateral  roots.  An  example 
of  this  is  the  carrot. 

Other  plants,  on  the  contrary,  have  a smaller  main  root,  : 
and  in  order  to  supply  its  place  they  send  out  strong  lateral 


Fig.  6. 


Various  shapes  of  roots. 
a,  tap-root;  6,  fibrous  root;  c,  succulent  root. 

roots  on  every  6ide,  and  are  held  by  these,  as  the  mast  of 
a ship  is  held  by  ropes.  The  tap-fbot  may  be  very  thick  and 
6ucculent  (as  in  the  cultivated  carrot,  Fig.  6,  c). 

It  often  occurs  that  the  radicle  of  the  seedling  leaves  off 
growing ; in  this  case  there  is  of  course  no  tap-root,  and  tufts 
of  lateral  roots  grow  out  in  its  place,  and  do  the  work  ot  the 
main  root.  Such  roots  are  said  to  be  fibrous,  and  are  found 

in  grasses  (Fig.  6,  b).  .. 

Another  use  of  roots  is  to  suck  up  water  from  the  soll. 
For  this  purpose  they  are  provided  with  root-hairs,  which  are 
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’long  unicellular  structures,  and  are  outgrowths  of  the  epidermis. 
TThe  root-hairs  penetrate  into  the  ground,  and  in  order  that 
they  may  be  able  to  take  up  moisture  more  easily,  tliey  are 
very  closely  connected  with  the  particles  of  soil.  Young 
roots  are  on  this  account  covered  with  a coating  of  earth, 
»which  adheres  to  the  root-hairs.  The  root-hairs  are  not 
found  all  over  the  root,  but  only  in  a special  rcgion  behind 
the  growing-point.  As  the  root  tip  advances  in  growth,  new 
root-hairs  arise  on  it,  and  the  old  ones  die  off  front  behind. 
:By  this  means  the  absorptive  region  is  always  being  pushed 
further  into  the  ground,  and  is  thus  brought  into  contact  with 
fresh  particles  of  soil  and  enabled  to  obtain  the  greatest  poasible 
■amoünt  of  moisture.  The  number  of  leaves  depends  on 
that  of  the  root-hairs.  The  more  the  foliage  leaves  give 
off  water  by  transpiration,  the  greater  provision  Tiust  be  made 
for  absorbing  water.  Thus  a quantity  of  water  tust  be  takcn 
in,  corresponding  to  the  carbon  di-oxide  absorbed,  in  order 
that  both  may  be  used  for  purposes  of  nutrition. 

The  above  remarks  are  closely  connected  with  that  property 
of  roots  which  is  known  as  geotropism,  or  turning  towards  the 
eearth.  The  main  root  has  a tendency  to  grow  vertically 
down  into  the  soil,  and  this  makes  it  possible  for  the  roots  to 
penetrate  into  the  substratum.  This  property  has  been  referred 
to  Stimuli  of  various  kinds.  The  force  of  gravity  draws  the 
root  downwards,  light  drives  it  away,  and  moisture  has  even 
more  influence  than  either.  These  Stimuli  have  a rather 
different  effect  on  the  lateral  roots,  since  these  do  not  grow 
vertically  downward,  but  at  an  angle  with  the  main  root. 

The  typical  root  does  not  undergo  any  very  great  meta- 
morphosis.  We  can  imagine  that  this  is  more  likely  to  occur 
when  a change  takes  place  in  the  environment.  Many  plants 
possess  aerial  roots,  the  chief  use  of  which  is  to  support  the 
plant,  either  by  holding  it  very  close  to  the  surface  against 
which  it  is  growing,  as  in  ivy,  or  by  growing  down  into  the 
soil  from  a great  height,  and  on  reaching  it,  serving  as  props, 
as  in  the  screw-pine  and  mangrove.  Other  ac'rial  roots  grow, 
contrary  to  custom,  up  into  the  air  instead  of  down  into  the 
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ground.  These  serve  as  respiratory  organs,  and  take  in  air 
for  thc  plant.  This  remarkable  property  is  found  in  certain 
mangroves.  The  lateral  roots  of  many  palms  have  a protec- 
tive  function,  being  transformed  into  thorns. 

The  most  remarkable  plants,  however,  are  those  in  which 
the  roots  undertake  the  work  of  leaves,  being  ligulate  and 
smooth,  containing  Chlorophyll,  and  being  capable  in  con- 
sequence  of  carrying  on  true  nutrition. 

Water  plants  often  exhibit  great  metamorphosis  in  the  root. 
In  this  case  the  whole  root-system  can  naturally  be  simplifted  ; 
in  many  cases  it  is  limited  to  a single  root  only,  as  in  the 
well-known  Duckweed.  In  a plant  called  Jussieua,.some 
of  the  roots  are  transformed  into  swimming  organs  ; they 
produce  a spongy  tissue  containing  a great  deal  of  air,  which 
makes  the  plant  lighter,  and  raises  it  in  the  water. 

The  reduced  roots  of  parasites  have  the  same  double  use 
as  those  of  independent  plants,  but  they  exhibit  an  entirely 
different  form,  being  brought  into  contact  with  a substratum 
of  a different  nature.  They  are  usually  short  sucker-like  pro- 
cesses,  which  penetrate  into  the  body  of  the  host,  from  which 
they  suck  the  juices,  while  they  serve  at  the  same  time  to 
hold  the  plant  firm.  This  may  be  plainly  seen  in  the  well- 
known  mistletoe  by  a clo6e  examination  of  the  part  which 
joins  the  host.  Iu  other  parasites  the  roots  are  still  further 
reduced  ; they  may  cven  be  represented  by  a sucker-like  disc 
alone.  Such  absorptive  organs  are  called  “haustoria.” 

' The  lower  plants  have  also  simple  rudimentary  roots,  which 
are  usually  root-hairs  springing  immediately  from  the  cpider- 
mis,  but  which  correspond  entirely  both  in  design  and  function 
to  the  roots  of  the  higher  plants  ; these  may  be  seen  in  mosscs 
and  lichens.  It  may  occur,  as  in  some  Fungi,  that  the 
richly  branching  root  System  of  the  higher  plants  is  cxactly 
imitated  by  a single  cell. 

4.  The  Stern.  By  the  term  stem  we  understand  that 
part  of  the  plant  which  is  raised  above  the  substratum,  and 
which  bears  leaves  and  flowers.  It  is  usual  to  consider  thc 
axis,  leaves,  and  flowers  separately. 
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The  function  of  the  typical  axis  is  seen  in  its  internal 
•tructure.  Since  the  axis  bears  lateral  Organs,  it  endeavours 
.0  hold  itself  and  its  appendages  upright.  It  must  there- 
ore  be  constructed  so  as  to  fulfil  the  mechanical  laws  of 
igidity  and  flexibility. 

(a)  Mechanical  structure  of  the  axis.  It  is  well 
tnown  that  the  object  of  an  architcct  is  to  make  the  most 

>f  the  least  possible  material.  The  same  plan  is  carried 

: jut  in  the  plant.  The  cells,  which  are  employed  for  the 
l ;onstruction  of  the  mechanical  scafFolding,  are  the  bast 
I ihres,  woody  fibres  and  collenchyma.  In  architecture  a 

'xam  is  made  strong  enough  to  resist  curvature  by 

istrengthening  the  edge,  the  part  inside  having  little  mechanical 
: importance.  A beam  of  this  kind,  including  both  the  strength- 
;ned  periphery  and  the  intervening  portion,  is  called  a girder. 
Such  supports  occur  also  in  the  stems  of  plants,  and  since  the 
; plant  must  resist  bending  on  all  sides,  the  supports  of  the  stem 
must  also  be  arranged  all  round  the  edge,  /.  e.  in  a circle.  A 
.girder  is  formed  in  the  stem  by  every  pair  of  Strands  of  bast- 
fibres  which  lie  diametrically  opposite  to  each  other,  as  seen 
in  the  transverse  section.  The  connecting  part  is  formed 
by  the  other  parts  of  the  vascular  bündle  and  by  the  ground 
tissue.  Thus,  for  example,  in  Fig.  5,  a,  each  opposite  pair  of 
bundles  constitutes  a single  girder.  In  many  cases  thesc  single 
supports,  which  are  placed  in  a circle,  are  also  mechanically 
strengthened,  either  by  bundles  of  isolated  bast  fibres  or  by 
collenchyma.  ln  other  cases  they  cohere  laterally,  forming  a 
cylindrical  tube.  Even  then  strengthening  bands  may  arise 
directly  connecting  the  cylindrical  tube  of  bast  with  the 
epidermis. 

A third  kind  of  arrangement  occurs  wlien  the  separate 
vascular  bundles  form  single  girders,  being  strengthened  on 
each  side ; this  is  found  chiefly  in  Monocotyledons.  Several 
circles  of  concentric  girders  may  be  present.  In  some 
'Monocotyledons  the  stem  is  strengthened  by  a ring  of  thick- 
walled  fibrous  cells  beneath  the  epidermis.  We  must  guard 
ourselves,  however,  from  considering  the  structure  we  have 
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described  as  a purely  mechanical  contrivance.  If  the 
cpidermis  is  removed  from  an  upright  herbaceous  plant,  it 
loses  its  elasticity  to  a considerable  extern,  and  if  it  is  dug 
up  in  an  uninjured  condition,  and  allowed  to  lie  for  even  a 
short  time  exposed  to  the  air,  it  is  said  to  wither,  i.  e.  it 
loses  its  elasticity,  and  its  tissues  become  flaccid.  Thence 
we  may  conclude  that  elasticity  is  the  product  of  sevcral 
factors  ; in  addition  to  the  internal  structure  of  the  axis  of 
the  shoot,  there  is  a certain  tension  exercised  by  the  elastic 
epidermis,  and  by  the  cells  which  are  in  a turgid  condition. 

In  this  account  we  have  only  considered  one  of  the  duties 
which  the  stem  has  to  fulfil,  i.  e.  that  of  keeping  the^  plant 
upright.  Another  function  is  to  provide  a passage  by  which 
nutritive  salts  may  be  taken  up  and  constructive  materials 
carried  down.  The  vascular  bundles  are  of  special  use  in 
this  respect.  As  we  have  already  scen  they  contain  various 
cells  and  vessels  which  serve  for  the  conduction  of  watery 
and  albuminous  substances. 

(b)  Development  of  the  axis  according  to  the 
duratlon  of  life.  In  a young  plant  the  stem  is  always 
herbaceous.  Short-lived  plants  retain  this  character,  and  it 
is  also  found  in  those  in  which  the  aerial  parts  die  off  at  the 
close  of  the  vegetative  period.  In  those  plants  which  have  a 
longer  duration  of  life,  the  axis  becomes  lignified,  in  order  to 
be  able  to  withstand  the  winter.  This  lignification  is  con- 
nected with  the  amatomical  changes  which  we  have  described 
above,  and  becomes  manifest  externally  by  the  formation  of 
cork  and  bark. 

It  is  usual  to  distinguish  plants  as  herbs,  slxrubs  and  trees, 
according  to  the  nature  of  the  stem.  Plants  are  called 
annuals,  when  their  life  only  lasts  during  one  vegetative  period  ; 
biennials,  when  the  root  and  part  of  the  stem  survives  the 
winter,  and  the  plant  dies  at  the  end  of  the  second  year.  By 
perennial  plants,  we  understand  those  in  which  the  subterranean 
parts  survive  the  winter,  while  the  ac'rial  herbaceous  part 
sometimes  dies  down.  If  the  aerial  parts  survive  the  winter, 
they  are  gencrally  lignified,  and  the  plants  are  said  to  be 
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wwoody.  If  they  keep  their  leaves  during  the  winter,  they 
rare  evergreens ; if  they  lose  them  in  autumn,  they  are  said  to 
ioe  deciduous. 

(c)  Branching  of  the  axis.  The  points  on  the  stem 
;at  which  leaves  are  borne,  are  more  or  less  thickened,  and 
are  called  nodes.  Certain  vascular  bundlea  branch  oft  into 
the  leaves,  in  order  to  place  them  in  connection  with  the 
rconducting  channels  in  the  stem.  The  stem  is  divided  by 
he  nodes  into  sections,  which  are  called  internodes.  In 
addition  to  the  terminal  bud,  growth  also  takes  place  in  the 
stem  in  the  axils  of  the  leaves.  At  these  points  arise  buds 
which  develop  later  into  branches,  and  these  produce  lateral 
uxes  of  a higher  order,  by  means  of  which  branching  is 
orought  about. 

Normal  lateral  shoots  are  always  confined  to  the  axils  of 
eaves.  Thcre  are,  however,  adventitious  shoots,  which  may 
appear  at  any  part  of  the  plant,  as  on  the  stems  of  poplars 
and  willows  which  have  had  their  shoots  cut  off.  The 
auperabundance  of  strength  still  present  in  the  stem  impels 
st  to  renew  itself  by  some  method ; since,  however,  the 
jlace  whcre  shoots  would  naturally  be  formed,  i.  e.  the  axils 
of  the  leaves,  are  no  longer  present,  they  take  any  way 
:hey  can  find.  Such  adventitious  shoots  also  arise  from  buds 
which  are  said  to  be  dormant  (see  page  33).  The  buds  which 
ire  formed  on  the  leaves  of  begonias  are  adventitious  shoots. 
Dther  examplcs  are  seen  in  the  reproductive  shoots  which 
irise  on  the  roots  of  dandelion  and  tansy  when  the  acrial 
jarts  are  destroyed. 

There  are  many  varieties  of  branching,  but  we  can  only 
’ive  the  general  outlines  of  the  laws  which  govern  it.  The 
irst  question  of  which  we  must  treat  is  that  of  the  relation- 
ihip  of  the  development  of  the  main  and  lateral  axes. 

In  this  respcct  a fundamental  diffcrence  rests  on  the  fact 
hat  the  growth  of  the  main  axis  is  either  discontinued  at  the 
ip,  so  that  lateral  axes  take  its  place,  or  it  continues  to  grow 
eaving  the  lateral  axes  behind.  In  the  first  case  the  branch- 
ng  is  dichotomous,  or  forked,  in  the  second,  monopodial.  A 
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monopodium  is  said  to  be  botryose  when  in  each  case  the 
lateral  axes  are  less  developed  than  the  main  axis,  so  that 
the  latter  can  always  be  recognised ; on  the  other  hand,  lt  is 
said  to  be  cymose,  when  the  side  slioots  outstrip  the  main 
axis  in  their  development. 

The  various  methods  of  branching  are  shown  with  special 
cleamess  and  variety  in  the  axis  of  the  flowering  shoot  or 
inflorescence  (Fig.  7).  A botryose  infloresccnce  is  called  a 


Fig.  7. 
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Di.tRrains  of  inflorescence». 

' raceme  j b,  splke ; e,  panicle : d,  helicoid  cyme  ; e,  «mW ; ft,  capl.ulun,. 

racemc  when  the  lateral  axes  bear  tlowers  without  further 
branching,  as  in  mignonette,  or  a panicle,  when  the  iateia 
axes  are  branched.  When  the  main  axis  is  elongated,  and 
the  flowers  are  sessile,  it  is  called  a spike,  as  mplamm 
a botryose  inflorescence  has  sessile  flowers  on  a short  axis  t 
3 capitulum,  as  in  camomile ; on  the  other  hand 
when  the  floiers  are  stalked  it  is  cal  ed  an  umbel,  as  in 
carrot  There  are  also  many  varieties  of  pamcles. 

‘ In  cymose  branching  of  the  floral  axis  the  diffcrence  lies 
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inainly  in  the  numbcr  of  lateral  flowers  below  the  terminal 
lower  which  represents  the  main  shoot.  If  there  is  only  one, 
t pseudaxis  is  formed.  When  the  lateral  branches  develop 
sn  one  side  only  of  the  pseudaxis,  the  inflorescencc  is  said  to 
oe  helicoid,  as  in  Hemerocallis ; when  the  lateral  branches 
re  developed  alternately  on  opposite  sides,  it  is  said  to  be 
corpioid,  as  in  forget-mc-not.  If  several  similar  side  shoots 
:.re  present  we  cannot  speak  of  a pseudaxis.  When  the 
ide  shoots  are  few  in  number  and  equal  in  length,  the 
nflorescence  is  called  a cymose  umbel,  as  in  spurge ; if  there 
re  only  two  lateral  shoots  it  is  a dichasium,  as  in  pink. 

(</)  The  bud.  The  young  stem  of  a seedling  is  a very 
hort.axis,  which  is  in  direct  continuation  with  the  radicle  at 
me  end,  while  at  tlie  other  end  it  bears  two  special  leaves, 
he  cotyledons.  Between  the  cotyledons  is  a minute  bud, 
he  so-called  plumule.  The  first  stem  of  the  plant  is  called 
he  hypocotyl.  By  the  elongation  of  the  hypocotyl  the 
oung  seedling  is  pushed  out  of  the  testa,  and  the  first  pair  of 
eaves  is  carried  up  into  the  light.  Plants  exhibit  many 
ifferences  in  their  method  of  germination. 

Young  stems  are  also  found  in  the  buds  of  lateral  shoots. 
n this  case  we  again  have  a much  shortened  axis,  but  the 
atter  is  surrounded  by  a number  of  leaves,  the  inner  ones 
f which  are  less  developed  and  closely  folded  together. 

. he  whole  structure  is  encased  on  the  outside  by  special 
j :aves,  of  which  we  will  speak  later.  The  buds  are  organs 
I jr  the  renewal  of  the  life  of  the  plant  aftcr  the  interruption 
| f the  vegetative  period,  which  may  be  caused  cither  by 
| rought  in  deserts  and  steppes,  or  by  a cold  season,  as  in 
| ur  iatitudes.  Buds  are  therefore  characteristic  of  ccrtain 
:!  iimates. 

r wo  other  kinds  of  buds  may  herc  be  mentioned,  namely, 
| 1 ) die  bulbils  or  gemmse  of  many  plants,  which  separate  from 
jj  ic  parent  plant,  and  form  new  ones,  and  (2)  the  so-called 
|!  dormant  ” buds.  The  latter,  like  other  normal  buds,  arise  in 
h ie  axils  of  leaves ; they  disappear,  however,  before  they  are 
jblc  to  develop,  the  hark  of  the  trec  growing  over  them. 

D 
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Thev  always  preserve  their  capacity  for  growth,  and  if  the 
top  of  the  tree  in  question  is  removed,  together  with  all  the 
normally-formed  buds,  the  dormant  buds  break  out  fr°m 
their  place  of  concealment,  and  stnve  to  preserve  the  hie  ot 
the  tree.  The  shoots  which  spring  from  dormant  buds  may 
easily  be  mistaken  for  adventitious  shoots. 


Fir,.  8. 


j,  blade 


I^af  of  rkaseolus  multißonis,  or  scarle»  ninner  [X\). 
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node 


, Thn  leaf  (a)  The  parts  of  the  leaf.  Ibe 

leaf  is^the  most  'essential  organ  borne  by  the  stem,  smce  it 
serves  for  nutrition,  and  thus  for  the  preservauon  the 

leaf  L thi. 

il  «howo  by  iu  anato.nical  «tructure,  which  .»  apcua  | 
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adapted  for  nutritive  purposes,  as  may  be  seen  in  the  descrip- 
:tion  already  given.  A leaf  shows  externally  three  different 
parts — the  leaf-base,  i.  e.  the  part  which  attaches  it  to  the  stem, 
■the  petiole  or  leaf-stalk,  and  the  lamina  or  blade.  Thelamina 
:may  be  prolonged  down  the  petiole,  whcn  the  latter  is  said  to 
:be  winged.  If  the  whole  leaf-base  becomes  broad,  so  as  to 
•lembrace  the  stem,  it  is  described  as  sheathing ; the  sheath 
jserves  as  a covering  for  the  buds,  or  for  the  protection  and 


Fig.  9.  Fig.  io. 
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of  Symfhoricarpoi  racemosus, 
snowberry. 


Leaf  of  V Humum  sfec.,  gnelder- 
rose. 


strengthening  of  a weak  stem,  as  in  grasses.  Outgrowths 
from  the  leaf-base  are  called  stipules.  These  may  attain  a 
arge  size,  as  in  pansy  and  pea,  and  may  evcn  supply  the 
dace  of  the  blade.  They  may  sometimes  serve  to  protect 
he  bud,  and  fall  off  when  it  unfolds,  or  they  may  be  entirely 
ibscnt. 

The  usc  of  the  petiole  or  leaf-stalk  is  to  bear  the  blade, 
md  plare  it  in  a favourable  position  as  regards  light  and  air  ; 
ts  development  depends  therefore  entirely  on  circumstances. 
(t  is  short,  when  the  leaf  can  obtain  sumcient  light  and  air 
vithout  it,  and  long,  when  the  plant  lives  in  a dense  confusion 
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of  Vegetation,  so  that  every  leaf  must  excrt  itsclf  to  obtain  lts 
own  rights.  A great  variety  is  seen  in  the  transverse  scction 
of  different  leaves.  If  the  leaf  has  a furrow  on  the  upj*r 
surfacc,  this  acts  in  a certain  sense  as  a gutter,  and  carnes 
the  rain  from  the  blade  to  the  stem,  down  which  it  passes 
to  the  ground.  This  work  of  the  leaf-stalk  is  assisted  y 
the  presence  of  grooves  on  the  stem,  lines  of  hairs,  wing-  1 e 
projections,  and  ridges. 


Fic.  ii. 


FlG.  12. 


Fig.  13. 


Leaf  of  A tri  fit  x la/i- 
folia,  oractie. 


Leaf  of  Ntrcunt 
Oleander. 


Leaf  of  Conz'allaria  >*a- 
jalis,  Uly  of  the  valtey. 


The  lamina  or  blade  consists  of  a flat  green  tissue  trat  ersed 
b,  • rieh  «wort  of  Ü ’-JS 

pz  verir°  • w ■♦>•  ft* 

""rl  blade  i.  «.donr  ^ ”d"Ä 


THE  EXTERNAL  ORGANS  OF  PLANTS  37 


.as  in  rose  (Figs.  18  and  15)  ; if  the  teeth  are  pointed,  and 
the  notches  rounded,  the  leaf  is  said  to  be  toothed  or 
'■“dentate,”  as  in  dandelion  and  in  Cyclanthera  pedata 
(Fig.  17);  if  the  teeth  are  rounded,  and  the  notches 
ipointed,  it  is  said  to  be  notched  or  “ crenate,”  as  in 
^ground-ivy  (Fig.  14)  ; Jastly,  when  both  teeth  and  notches 
..are  rounded,  it  is  said  to  be  wavy  or  “ sinuous,”  as  in  oak. 
ilf  the  indentations  are  deeper,  the  whole  leaf  is  said  to  be 


Fig.  14. 


Leaf  of  Napeta  glechoma, 
or  ground-ivy. 


Fig.  15. 


Leaf  of  Vitis  vulpina. 


j lobed  (Fig.  16),  or  dissected  (Fig.  17),  according  as  the 
l indentations  are  smaller  or  larger. 

The  lobes  either  radiate  front  one  point  like  the  fingers  of 
’ a hand,  when  the  leaf  is  said  to  be  palmate  (Fig.  17,  the 
j special  kind  of  division  represented  in  this  case  is  called 
j pedate)  ; or  they  lie  lateral  ly  on  each  side  of  a main  axis, 
] like  the  barbs  on  the  shaft  of  a feather,  when  the  shape  is  said 
I to  be  pinnate. 

If  the  indentations  go  further,  so  as  to  form  independent 
i segments,  the  leaf  is  said  to  Ire  compound,  and  the  two  kinds, 
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palmate  and  pinnate,  can  again  be  distinguished.  1 his  con- 
struction  may  be  repeated  several  time3,  so  that  leaves  may  be 
twice  or  thrice  pinnate,  etc. 

We  might  make  inquiries  as  to  the  mcaning  of  these  diner- 
ences  in  the  forms  of  leaves.  This,  however,  is  a point  which 
is  not  clearly  understood.  A simple  leaf  is  much  exposed  to 
being  torn  by  mechanical  forces,  as  wind,  hail,  and  rain, 
especially  when  it  is  insuflkiently  protected.  We  might  almost 


Fig.  16. 


Lcaf  of  Ali  na  lohntet* 


be  tempted  to  say  of  a compound  leaf,  that  Nature  has  in  this 
•case  specially  provided  a natural  teanng  of  the  leaf,  in  order 
to  prevent  the  casual  tearing  by  some  external  force. 

[b\  The  veins  of  leaves  have  a twofold  use.  1 he3 
constitute,  in  the  first  place,  the  necessary  conductmg  channels 
for  the  leaf,  and  form  also  a firm  framework,  which  keeps  the 
blade  spread  out,  so  that  it  is  exposed  to  the  light.  I he 
stronger  Strands  are  of  special  Service  in  this  respect;  but 
between  these  is  found  an  extremely  fine  network  of  delicate 
veins,  which  can  often  only  be  distinguished  when  the  leaf  is 
held  up  to  the  light.  These  finer  veins  travers«  the  nutnüve 
üssue,Pand  provide  the  shortest  possible  route  for  the  passage 
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nf  the  constructive  material  from  every  part  to  the  principal 
t ;hannels  of  communication  in  the  plant. 

The  arrangement  of  the  veins  again  shows  the  greatest 
^ariety.  The  chief  types  correspond  with  those  of  leaf- 
i.iivision.  We  might  say  with  greater  correctness,  that  the 

1 iivision  of  the  leaf  is  based  upon  the  venation.  The  leaf  has 
seither  one  principal  Strand,  as  in  snowberry  (Fig.  9),  or 
jeeveral,  as  in  lily  of  the  valley  (Fig.  13).  If  the  leaf  is 
ttraversed  by  one  principal  Strand,  or  midrib,  bearing  lateral 


Fig.  17. 


Fig.  18. 


Leaf  of  Cyclanthtra  pcJata. 


Leaf  of  Rosa  cartina . 
st,  stem ; n , stipules. 


branches,  it  is  said  to  be  pinnately  veincd  (Fig.  9),  but  if 
the  lateral  veins  spring  from  the  same  point  as  the  midrib, 
so  that  they  become  rather  widely  scparated  towards  the 
margin,  the  leaf  is  said  to  be  palmately  veined  (Figs.  16, 
17).  A good  example  of  the  first  is  seen  in  the  guelder- 
1 rose,  of  the  second,  in  the  maple.  In  both  types  we  can 
again  distinguish  four  different  forms,  according  to  the  course 
of  the  lateral  veins.  If  these  veins  pass  to  the  edge  of  the 
leaf  in  a network  of  fine  Strands,  the  venation  is  said  to  be 
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reticulate,  as  in  snowberry  (Fig.  9);  if  they  end,  on  the 
other  hand,  in  the  teeth  or  indentations  of  the  margin,  they 
are  said  to  be  marginal  and  free,  as  in  Vitis  ( Fig.  1 5)  » t^iey 
bend  round  towards  the  apex,  they  are  said  to  be  arched,  as 
in  guelder-rose  (Fig.  10)  ; if  after  bending  round  they  unite 
with  the  next  vein  above,  they  are  said  to  be  looped,  as  in 
cherry  and  orache  (Fig.  11). 

The  presence  of  several  main  Strands  is  characteristic  of 
the  leaves  of  Monocotyledons,  as  grass,  lily,  and  lily  of  the 
valley  (Fig.  13)»  and  of  some  Dicotyledons,  as  plantain. 
According  to  the  course  of  the  veins  we  can  easily  distinguish 
between  apical,  curved,  and  parallel  venation. 

The  study  of  venation  belongs  to  that  province  wbich  is 
specially  suitable  for  the  elementary  Student,  to  whom  it 
usually  affords  much  pleasure.  The  leaves  may  be  simply  1 
pressed,  photographed,  or  printed  from  Nature.  We  might  j 
mention  also  the  preparation  of  skeleton  leaves  by  rubbing  1 
thent  with  a brush  (the  leaves  should  first  be  steeped  for 
some  time  in  water  and  then  dried).  To  take  a photograph, 
the  leaf  is  laid  upon  ordinary  sensitised  paper,  fastened  in 
a printing  frame,  and  placed  in  the  sun  until  the  image  of 
the  leaf  comes  out  rather  darker  than  is  necessary.  The 
paper  is  then  toned  and  fixed  in  a contbined  tomng  and 
fixing  bath,  and,  lastly,  washed  and  dried.  1 -he  raethod  of 

printing  from  Nature  consists  in  laying  the  leaf  with  its  lower  j 
surface  on  some  finely  rubbed  oil-paint,  and  then  using  it 
as  a stereotype  plate,  and  pressing  it  on  to  white  paper. 

The  importance  of  venation  in  scientific  botany  becomes  \ 
evident,  when  we  considcr  that  the  veins  of  leaves  are  very  | 
constant  in  their  arrangement.  Thus,  from  the  impressions  o 
the  leaves  of  plants  which  flourished  in  the  earher  ages  of  the 
earth’s  history,  we  can  draw  conclusions  as  to  the  systematic  j 

Position  of  the  plants  in  question. 

(c)  The  arrangement  of  the  leaves  on  the  shoot 
axis  is  either  spiral  or  bilateral.  In  the  first  case,  by  con- 
necting  the  nodes  from  which  the  leaves  spring,  we  obtain  a 
continuous  spiral  round  the  stem ; in  the  second  case,  the 
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eaves  arise  in  such  a way  that  we  can  distinguish  between 
i he  posterior  and  anterior  sides  of  the  axis.  These  two  forms 
i ve  find,  moreover,  in  the  structure  of  other  living  organisms. 
The  flower  of  the  white  water-lily  has  a spiral  arrangeinent, 
out  the  leaf  is  bilateral,  having  an  upper  and  a lower  surface, 
us  well  as  a right  and  left  side.  The  bilateral  arrangement 
af  leaves  on  the  axis  is  specially  seen  in  plants  which  creep 
ülong  the  ground.  The  spiral  arrangement  of  leaves  has  led 
o the  drawing  up  of  a law  (Schimper  and  Braun)  which  is 
nore  or  less  firmly  established.  The  lateral  difference 
oetwcen  the  points  of  insertion  of  two  adjacent  leaves,  the  so- 
called  divergence,  is  a fraction  of  the  circumference  of  the 
axis,  and  this  fraction  is  constant.  Hence  the  leaves  occur 
>n  the  stem  in  vertical  series,  or  orthostichies.  The  numbcr 
of  leaves  which  occur  between  two  leaves  following  one 
another  in  the  same  vertical  series  is  also  always  a definite 
one.  The  absolute  value  of  such  laws  is  now,  however, 
questioned.  Be  it  as  it  may,  the  position  of  the  leaves  is  in 
umy  case  of  definite  usc  to  the  plant. 

The  regulär  arrangement  of  the  leaves  prevents  them  front 
nterfering  with  one  another,  each  being  able  to  get  the 
tecessary  amount  of  air  and  light.  This  may  be  proved  by 
,‘xamining  the  leaf-arrangement  on  any  branch. 

(<•/)  The  stages  in  the  metamorphosis  of  the 
rieaf.  If  we  glance  at  the  successive  forms  of  leaves,  which 
Dccur  both  during  the  lifc  of  a single  individual,  and  also  in 
he  adult  plant  when  considercd  front  below  upwards,  we  find 
t regulär  sequence  of  forms,  as  follows — 

(i)  Seed-leaves  or  cotyledons ; (2)  scalc-leaves ; (3) 
ffoliage-leaves ; (4)  bracts;  (5)  floral  leaves. 

The  first  leaves  produced  by  the  plant  are  callcd  seed- 
fleaves  or  cotyledons.  There  is  only  one  seed-leaf  in  Mono- 
| cotyledons,  and  two  in  Dicotyledons ; a larger  numbcr  is 
•■found  in  the  Coniferx  only.  The  cotyledons  are  eithcr  thick 
j and  fleshy,  as  in  bean,  or  thin  and  leaf-like,  as  in  bcech. 
] When  the  seedling  leaves  the  husk,  and  shoots  up  front  the 
■ ground,  the  cotyledons  either  remain  behind  in  the  earth 
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(pea),  or  come  above  the  surface  (bean).  They  generaily  1 
ditfer  in  shape  from  the  foliage  ieaf  (the  petiole  being  almost 
always  absent);  in  some  cases,  however,  they  resemble  it.  ; 
Although  they  are  simple  in  structure,  they  are  at  the  same 
time  of  great  importance. 

The  young  seedling,  like  a nestling,  is  at  first  very  helpless  ; ; 
it  possesses  no  green  leaves,  and  is  not  in  a condition  to  gain  its  , 
own  living.  It  is  therefore  supplied  with  food  which  will  ? 
support  it  until  its  foliage-leaves  are  sufficiently  developed  for  , 
it  to  be  able  to  obtain  nourishment  for  itself.  This  is  the  | 
use  of  the  thick  fleshy  8eed-leaves,  since  these  contain  in  | 
their  cellular  tissues  a rieh  störe  of  starch,  from  which  the  j 
seedling  can  draw  its  supplies.  Thence  it  cornes  thauseeds,  * 
like  peas  and  beans,  afford  us  a valuable  food-material.  ; 
When  the  cotyledons  more  nearly  resemble  foliage-leaves,  ' 
they  spring  up  out  of  the  earth,  become  green,  and  carry  on 
the'  work  of  nutrition  until  the  true  foliage-leaves  take  their 
place  (beech).  In  other  plants  the  seed  contains  a special 
nutritive  tissue  (endosperm).  The  sced-leaves  in  this  case 
often  have  a widely  different  function,  and  act  as  absorbent 
organs  for  the  starch  (grasses  and  palms). 

The  scale-leaves  are  either  found  on  subterranean  stems  (see 
p.  46),  or  they  occur  at  the  base  of  a new  aerial  shoot,  when 
they  have  the  form  of  simple  scales,  and  serve  to  protect  the  bud.  ^ 
At  the  same  time  they  are  clearly  connected  with  the  ordinary  .j 
foliage-leaves,  as  is  seen  bya  study  of  their  development.  A ; 
rudimentary  or  primordial  leaf  soon  separates  into  the  leaf- 
' base,  and  a part  which  we  may  call  the  upper  leaf;  from  the 
former  arise  the  stipules,  and  from  the  latter  the  blade,  it  a 
petiole  bc  present,  it  becomes  interposed  later,  by  mtercalary 
growth  between  the  upper  leaf  and  the  eaf-base.  1 he 
general  plan  of  a scale-leaf  is  exactly  similar  to  that  of  a 
folia»e-!eaf.  The  difference  which  arises  later  is  caused  by 
the  fact,  that  the  growth  of  the  upper  leaf  is  checked,  and 
the  leaf-base  only  develops,  and  torms  a scale-lcat.  ihis  , 
is  shown  by  the  frequent  occurrence  of  small  reduced  leaf- 
blades  at  the  apex  of  fully  formed  scale-leaves  ; these  blades 
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ny  under  certain  circumstances  be  induced  to  develop 
rirther. 

The  shape  of  the  foliage-leaves  has  been  already  described. 
hheir  development  may  vary  very  much  in  a single  plant, 
•he  leaves  which  first  succeed  the  cotyledons  do  not  always 
ssume  the  form  which  is  typical  of  the  adult  plant ; this 
; ing  specially  the  case  in  plants  with  compound  leaves. 
hese  leaves  (primary  leaves)  are  usually  simple  at  first,  and 
ily  gradually  attain  the  typical  form.  Two  forms  of  Jeaves 
■e  sometimes  found  in  the  same  plant  (heterophylly).  Some 
»ecies  of  Eucalyptus  have  at  first  square  branches  bearing 
: pposite  oval  leaves,  which  are  placed  horizontally  ; later  on 
i:  ey  have  round  branches,  on  which  are  borne  alternate 
ockle-shaped  leaves,  which  are  placed  vertically  on  edge. 
■/ater  plants  also  afford  a good  example  of  heterophylly. 
:'hus  the  water-crowfoot  has  submerged  leaves  which  are 
mely  divided,  and  floating  leaves,  which,  with  their  very 
i ightly  lobed  blades,  lie  upon  the  surface  of  the  water. 

As  the  foliage-leaves  approach  the  tip  of  the  stem,  they 
tften  decline  both  in  size  and  general  development,  and 
rradually  pass  into  the  bracts.  These  are  similar  to  the 
cale-leaves,  both  being  checked  in  their  development.  They 
ccur  as  small,  insignificant,  scale-like  leaves  close  to  the 
owcrs,  and  their  use  is  difficult  to  understand.  On  the  other 
■and,  they  may  undergo  special  changes  and  become  large  and 
rightly  coloured,  supplementing  the  work  of  the  flower. 

On  account  of  the  differences  in  the  functions  of  these 
oral  leaves  they  will  be  specially  described  later. 

We  may  conclude  from  what  has  been  said  above  that  the 
irms  of  leaves  undergo  Variation  from  below  upwards,  and 
iis  may  be  expressed  by  the  term  “ metamorphosis.”  This 
/ord  must  naturally  be  understood  in  another  sensc  than  that 
'hich  it  has  when  used  in  conncction  with  animals,  as  in  the 
kmphibia  or  insects.  Tn  the  case  of  leaves  it  is  not  one 
nd  the  same  form  which  undergoes  transformation. 

6.  The  various  forms  of  shoots.  The  character  of 
he  stem  depends  essentially  on  the  form  of  the  leaf.  We 
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will  therefore  now  discnss  the  different  varieties  of  shoots, 
since  we  have  already  learnt  something  of  the  axis  and  its 
appendages. 

(a)  Normal  forms  of  shoots.  The  response  of  the 
normal  shoot  with  regard  to  geotropism,  is  exactly  opposite  to 
that  of  the  root,  i.e.  it  does  not  grow  vertically  down  mto 
the  earth,  but  away  from  it.  This  property,  which  has  the 
effect  of  carrying  the  leaves  and  flowers  up  into  the  light  and 
air,  is  aided  by  the  mechanical  structure  of  the  axis.  If 
the  axis  is  not  capable  in  itself  of  holding  the  shoot  upright, 
it  must  either  seek  some  support  or  relinquish  the  attempt, 
and  this  naturally  depends  on  the  nature  of  the  surround- 
ings.  It  a plant  which  is  growing  in  the  close  entanglemcnt 
of  a hedge,  or  the  underwood,  did  not  strive  to  attain  an 
upright  position  it  would  be  doomed  to  destruction.  Other 
plants  would  deprive  it  of  so  much  light  and  air,  that  it 
would  not  be  able  to  obtain  sufilcient  for  its  own  support.  It, 
on  the  other  hand,  the  plant  is  not  surrounded  by  taller  plants, 
and  the  light  and  air  can  have  free  access  to  it,  the  upright 
Position  is  no  longer  necessary.  We  therefore  see,  in  open 
sandy  wastes,  roadsides,  and  similar  places,  a number  ot 
small  plants  tlourishing,  although  they  are  quite  close  to 
the  ground.  It  is  worthy  of  remark,  that  the  same  specics 
of  plant  is  able  to  change  its  habit  in  accordance  with  its 

surroundings.  _ , 

Creeping  stems  may  attain  special  importance.  . 1 here , 
are  plants  which  bear  lateral  shoots  with  long  thin  axes. 
These  creep  a long  way  over  the  ground,  and  are  chietly  dis- 
tinguished  from  the  main  axis  by  bearing  only  small  scale- 
lcaves.  After  a time  a young  plant  with  normal  leaves  de- 
vclops  from  the  terminal  bud  ; it  bears  roots,  and  hna  y 
becomes  independent.  Such  a shoot  is  called  a “ runner  ; 
it  is  obviously  a reproductive  shoot  and  serves  tor  the 
purpose  of  propagation.  The  young  plant  is  pushed  a long 
way  olf  the  mother  plant,  by  means  ot  the  long  thin  shoot. 
It  is  in  this  way  brought  into  contact  with  fresh  soil.and  the 
shoots  do  not  interfere  with  cach  other  s growth.  I he  plant 
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' ius  posscsscs  a power  of  movement,  which  must  be  of  great 
i ivantage  to  it.  This  habit  ia  chiefly  seen  when  the  seeds 
o not  ripen  to  perfection,  as  in  plants  growing  in  hedges, 
Dod  on  banks,  and  wails.  The  latter  Stretch  their  runners 
• ver  the  stones,  and  the  young  plants  find  cracks  lull  ol  soil 
in  which  they  can  take  root.  As  examplcs  of  such  plants 
ue  might  name  creeping  cinquefoil,  strawberry,  creeping 
i iugle,  etc.  Many  plants  possess  subterranean  reproductive 
rhoots,  as  grasses,  sedges,  and  shave-grass. 


Uechotna  hcderacea. , ground-ivy.  Runner,  taking  root  at  the  nodes.  (Half.) 


A very  common  form  of  shoot  is  the  rootstock  or  rhizome 
rlily  of  the  valley).  We  understand  by  this,  a shoot  which 
i las  lost  its  power  of  negative  geotropism,  or  which  is  com- 
' >elled  by  geotropism  of  a different  kind  to  avoid  light  and 
j ir,  and  grow  horizontally  under  the  surfacc  of  the  soil. 
l.Vhen  the  acrial  parts  of  a plant  die  down  in  autumn,  the 
I hizome  survives  the  winter.  It  is  grey,  white,  or  brown  in 
i :olour,  and  is  provided  with  pale  seale  leaves.  If  the  rhizome 
j s to  give  rise  to  new  shoots  in  the  spring,  it  is  necessary 
! hat  buds  should  be  present,  and  since  the  young  shoot  which 

Ilevelops  from  the  bud  is  at  first  incapable  of  self-nutrition, 
he  rhizome  must  in  itself  contain  reserve  food-material.  As 
Jie  rhizome  is  always  growing  at  the  tip,  and  forming  new 
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shoots,  the  latter  are  brought  into  contact  with  fresh  portions 
of  soil,  as  in  the  case  of  runners.  The  plant  thus  continues 
to  find  a Bufficient  quantity  of  nutritive  salts. 

(£)  Metamorphosed  shoots.  Many  shoots  undergo 
a change  both  in  Btructure  and  function,  and  this  change  is 
usually  designated  as  metamorphosis. 

Among  the  perennial  organs  of  shrubs  we  may  include  two 
other  forms  of  shoots,  namely,  tubers  and  bulbs,  and  these 
must  both  possess  three  definite  qualities.  They  must  be  60 
constructed  that  they  can  withstand  frost ; they  must  possess  | 
buds  for  the  renewal  of  the  plant,  and  contain  reserve  material  § 
for  its  nutrition.  With  regard  to  the  first  point,  these  organs  1 
are,  as  a matter  of  fact,  often  very  sensitive  to  frost ; for  this  j| 
reason  they  lie  in  the  earth,  and  are  protected  by  it,  while  in 
winter-time  the  snow  serves  as  an  additional  covering.  The 
reserve  material  consists  chiefly  of  starch,  which  is  present 
in  an  extensive  parenchymatous  tissue,  the  latter  ansing  at 
the  cost  of  the  vascular  tissue.  Tubers  and  bulbs  are  also 
very  rieh  in  water. 

Although  these  two  forms  of  shoot,  the  bulb  and  the  tuber, 
are  alike  from  a biological  standpoint,  they  are  very  different 
in  morphological  Btructure.  In  the  tuber,  the  axis  is  very 
much  developed,  while  the  leaves  are  reduced ; in  the  bulb,  ^ 
on  the  other  hand,  the  axis  is  reduced,  while  the  leaves  i 
become  thick  and  succulent.  The  potato  may  be  given  as 
an  example  of  a typical  and  well-known  tuber.  It  exhibits  . 
lumps  of  an  irregulär,  roundish  shape,  which  consist  of  a 
white  substance  (parenchymatous  tissue)  containing  starch 
and  water,  and  covered  by  a brown  rind.  The  potato  tuber 
has  pit-like  marks,  in  which  are  little  buds  in  the  axils  of 
minute  scales;  these  marks  are  commonly  called  “ eyes. 
The  scales  are  the  leaves ; they,  as  well  as  the  buds,  are  a 
proof  that  the  tuber  is  really  a shoot.  The  onion  is  a good 
example  of  a bulb.  It  consists  of  a broad  but  much  shortened 
axis,  forming  a sort  of  plate,  from  which  spring  the  leaves; 
the  latter  are  present  in  great  numbers,  the  inner  ones  being 
much  thickened.  The  outer  ones  are  thinner  and  more 
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.;aly,  and,  as  in  the  casc  of  the  scales  of  the  tuber,  must  be 
aonsidered  as  scale-leaves. 

The  phenomenon  of  succulence  leads  to  a special  kind  of 
: letamorphosis  in  the  shoot.  Plants  living  in  districts  which 
re  subject  to  continuous  or  temporary  drought  must  possess 
:■  ontrivances  to  prevent  dessication.  This  danger  does  not 
: rise  from  want  of  water,  but  from  excessively  rapid  trans- 
läration.  The  plant  protects  itself  against  want  of  water  by 
nroviding  places  for  its  storage,  which  consist  of  considerable 
quantities  of  large-celled  parenchymatous  tissue.  This  is 
i lways  accompanied  by  a thickening  of  the  organ  in  question, 
ivhich  is  then  said  to  be  succulent.  The 
>»rgans  of  transpiration  are  the  leaves.  If 
st  is  necessary  for  the  plant  to  protect  itself 
from  loss  of  water,  it  is  necessary  that  the 
formation  of  leaves  should  be  reduced, 
f*ither  by  the  diminution  of  the  leaf-sur- 
Vace,  or  by  the  presence  of  fewer  stomata. 

There  are  also  many  plants  in  which 
die  leaf-surface  is  reduced,  without  any 
Provision  being  made  for  water-storage. 

An  example  of  this  is  asparagus,  in 
which  the  leaves  are  small  scales,  while 
the  branches  are  thin  and  needle-like 
(Fig.  20). 

Water  is  stored  either  in  the  axis  or  in 
bhe  leaves.  The  enlarged  succulent  shoots 
present  a very  varied  appearance.  If  the 
axis  is  much  thickened,  the  leaves  are 
gcnerally  smaller,  and  mayeven  disappear  *> scale-leaves ; *, brandics 
.ntirely ; if  the  leaves  are  thickened,  the  teures?  (Ufc-size.)*  0 
axis  is  generally  reduced  in  size. 

To  the  first  type  of  succulent  plants  belong  the  wonder- 
ful  members  of  the  cactus  family  found  in  the  American 
desert-  and  steppe- flora  (Fig.  21). 

There  is  an  extraordinary  variety  in  the  formation  of  the 
shoot  in  cacti ; they  may  form  high  columns  and  candelabra, 


Asparagus  oßicittalis. 
Branched  stem. 
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or  they  may  be  flat,  round,  barrel-shapcd,  or  covercd  with 
protuberances.  They  are  often  provided  with  prickles, 
which  frequcntly  attain  a considerable  size.  These  offer  a 
threatening  ns  pect  to  the  bcholder,  and  act  as  a defence  to 
the  plant.  Cacti  grow  in  deserts  and  steppes,  and  hide  in 
their  tissues  a störe  of  water;  they  would  therefore  be  exposed 
to  the  attacks  of  thirsty  animals,  which  are,  however,  kept 
off  by  the  prickles.  Such  thickened  shoots  are  almost 


FlO.  21. 


Mammilaria  ceutriärrhn ; cactus  with  thickened  axis  and  redaeed  leaves. 

(Life-sue.) 

always  green,  and,  therefore,  take  the  place  of  the  aborted 
leaves  in  carrying  on  the  work  of  nutrition. 

This  leads  us  to  another  form  of  metamorphosis  in  the 
shoot.  If  the  leaves  are  reduced,  it  is  possiblc  that  the  plant 
may  be  unable  to  obtain  suflicient  nourishment.  We  find, 
then,  the  stränge  device  of  the  shoot  itself,  not  only  perform« 
ing  the  functions  of  a leaf,  but  even  becoming  leaf-like  in 
form.  This  is  seen  in  many  cacti,  as,  for  example,  the  prickly 
pear,  in  which  leaf-like  shoots  grow  out  of  one  another. 
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iWe  must  not  fall  into  the  common  error  of  mietaking  the 
hoots  for  leaves. 

Leaf-like  shoots  arc  often  called  cladodia.  Plants  possess- 
t lg  them  are  found  in  dry  and  sandy  districts  even  in  our 
kititudes.  There  are,  for  instance,  species  of  Genista,  in 
/liich  the  leaves  are  undeveloped,  and  the  stem  undergoes  a 
-af-like  expansion.  Another  example  is  seen  in  the  little 
uck-weed,  which  covcrs  the  broad  surface  of  stagnant  water 
dth  its  bright  green.  The  whole  shoot  consists  in  this  case 
f a leaf-like  structure,  and  is  usually  regarded,  incorrectly, 
s a leaf ; it  consists  of  single  or  branching  cladodia. 

In  the  second  kind  of  succulent  plants,  the  leaves  undergo 
reater  development,  and  störe  up  water.  A few  forms  of 
lis  kind  occur  in  the  order  Crassulacear,  r.g.  Sedum  and 
ouseleek.  In  these  the  stem  is  generally  stunted,  as  in  the 
tnierican  agaves,  which  are  well  protected  by  the  defensive 
rickles  at  the  tip  and  edge  of  the  leaves. 

Some  shoots  undergo  special  metamorphosis  for  the  sake 
f protecting  the  plant ; these  are  called 
aorns.  In  thorns  leaf-formation  is  also 
ippressed,  the  leaves  being  either  absent 
• very  minute;  the  tip  of  the  shoot 
Jon  ceases  to  grow,  and  the  tissue  of  the 
hole  structure  becomcs  lignified.  Thorns 
e seen  in  the  hawthorn  (Fig.  22)  and 
oe  sloe.  In  tragacanth,  the  petioles  of 
illen  leaves  become  hard  and  thorny, 

-hile  in  many  cases  stipules,  or  even 
hole  leaves,  are  changed  into  thorns 
I3crberis). 

Those  protective  organs  of  plants, 
hich  are  called  prickle»,  are  not  formed 
^om  shoots,  but  are  appendages  or 


Fig.  23. 


Cratagus  oxyacantha , 
hawthorn;  thorn  formed 


e axis  or  on 


Theyarc  found  e.ther  on 
the  Jeaves.  They  are  not 


innected  with  the  internal  tissues,  and  are  only  external 
ructures,  which  can  be  easily  removed.  The  protective  organs 
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of  the  rose  are  not  thorns,  as  the  proverb  teils  us,  but 
prickles. 

We  must  finally  consider  a group  of  metamorphosed  shoots, 
called  climbing  shoots.  We  have  already  seen  that  the  shoot 
is  not  always  capable  of  Standing  upright.  W hen  such  plants 
grow  in  open  places,  they  simply  lie  upon  the  ground,  and  are 
yet  able  to  obtain  sufficient  light  and  air.  I he  case  is  different, 
however,  when  they  grow  in  the  close  entanglement  of  a 
hedge,  a wood,  or  even  of  a field,  for  then  a fight  for  light  ■ 
and  air  naturally  arises.  We  can  see  this  varied  behaviour  ■ 
in  the  same  plant  when  it  grows  cither  in  or  at  the  edge  of  a 
corn-field.  Bhe  convolvulus  is  a small  plant  with  a weak 
stem,  and  is  almost  invariably  found  in  corn-fields.  By the 
side  of  the  road,  or  at  the  edge  of  the  corn-field, 'it  finds 
sufficient  light,  air,  and  space ; the  shoots  then  simply  lie  on 
the  ground,  and  creep  along.  If  we  look,  however,  at  plants 
which  are  growing  in  the  corn,  we  see  that  in  this  case  they 
use  the  stalks  near  them  as  a support,  in  order  to  raise  | 
themselves  up  into  the  light. 

The  supports  used  by  climbing  plants  may  be  either  dead 
or  living ; they  may  climb  by  upright  palings,  by  the  stems 
of  ncighbouring  plants,  by  the  trunks  of  trees,  by  walls  and  ( 
rocks,  or  by  anything  which  is  supplied  for  the  purpose.  I he 
plant  serving  as  a support  would  be  unharmed  by  the  chm  r 
if  it  were  not  that  it  is  often  prevented  from  increasing  m 
thickness.  This  after  a time  kills  the  plant. 

Different  organs  may  be  used  by  the  plant  for  the  purpose  I 
of  climbing.  The  stem  has  the  power  of  twininground  a 
support.  The  growing  tip  of  such  “twinmg  plants  has  a 
tendency  to  curl  in  a spiral;  it  thus  seeks,  as  it  were,  for  a 
support,  and  if  it  finds  one,  curls  round  it,  tw.mng  in  mo m 
cases  to  the  left,  but  in  somc  to  the  right.  If  the  stem 
finds  no  support  the  tip  often  curls  of  ltself ; but  as  it  can-  , 
not  grow  without  such  aid,  development  ulumately  stop«. 
The  bean  twincs  to  the  left,  and  the  hop  to  the  right. 

In  other  cases  the  shoots  possess  acnal  roots,  with  which  j 
Uiey  cling  to  the  surface,  which  is  usually  more  or  less  rough. 
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Weak  shoots  often  make  use  of  epidermal  liairs,  hooks,  and 
rickles,  with  which  to  cling  firmly  to  other  plants  (cleavers, 
and  wall-pellitory,  Fig.  23). 

The  case  is  less  simple  when  the  whole  or  part  of  the 
noot  is  metamorphosed  into  a special  organ,  as  in  tendril- 
Uimbers.  A tendril  is  a thin,  thread-like  organ,  which,  like 

twining  stem,  is  capable  of  curling  round  a support.  In 
ime  cases  entire  side-shoots  become  thin  tendrils,  these 
cing  often  also  branched  (vine  and  white  bryony,  Fig.  24). 


Fig.  23. 


irietana  diffusa , wall-pellitory.  Shoot,  clinging  to  the  wall  by  mcans  of  bairs. 

he  tips  of  the  tendrils  eithcr  twine,  or  have  adhesive  discs. 
he  duty  of  attaching  the  shoot  to  a support  may  be  under- 
•ken  by  the  leaf-stalk  (T  ropccolum).  Somctimes  the  leaf, 
part  of  it  (as  in  stipulcs),  is  turned  into  tendrils.  This 
:curs  chiefly  in  compound  leaves,  the  work  bcing  thcn 
vided,  so  that  some  leaflets  serve  for  nutrition,  whilc  others 
the  tip  of  the  leaf  serve  to  support  the  plant  (pea). 

The  leaves  may  also  perform  the  function  of  roots.  This 
|s  :curs  in  many  water-plants,  which  possess  no  true  roots. 
|l  hus  we  lind  a remarkable  division  of  labour  in  the  watcr- 
l|  rn,  Salvinia  (belonging  to  the  Hydropteridete),  in  which 
ji  me  of  the  leaves  carry  on  the  work  of  nutrition,  while 
hcrs  are  modificd  as  floating  Organs.  The  leaves  are 
l'.ade  to  float  by  the  formation  of  a tissue  which  contains 
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air-chambers,  and  which  is  on  that  account  spccifically  lightcr 
than  water.  The  remaining  leaves  are  finely  divided, 
submerged,  root-like  organs. 

A vcry  attractive  form  of  leaf-metamorphosis  is  seen  in 
the  “ insectivorous  plants,”  in  which  thc  leaves  are  adapted 
for  catching  insects.  The  simpiest  examplc  is  odered  by 
our  native  sun-dew  (Drosera),  which  grows  in  bogs  and 


swanipy  ground.  It  has  round  petiolate  leaves,  which  are ; 
covered  with  long  club-shaped  glandulär  hairs,  beanng  at 
their  tips  a viscid  secretion  (Fig.  25,  rt).  1 he  touch  of 
small  body,  as  an  insect,  on  thc  leaf,  causes  a greater  dis- 
charge  of  thc  sticky  secretion;  at  the  samc  time  the  haus 
curve  over  the  insect,  holding  it  firmly,  while  it  is  suftocated  j 
by  the  closing  of  the  apertures  ot  the  trachex  by  the 
rL\,„  linuiH.  It  is  a remarkablc  fact,  that  although  morgamc 


/Iryonia  dioicn , wliite  bryony.  Shoot,  wilh  tcndrits.  (Half.) 
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litritive  parts  are  dissolved,  and  nothing  remains  but  the 
udigestible  chitinous  parts,  which  finally  fall  off.  As  in 
[Lher  insectivorous  plants,  the  digestion  of  animal  food  is 
saerely  supplementary  to  normal  nutrition,  which  goes  on  at 
rie  same  time. 

Drosophyllum,  a plant  growing  in  sandy  places  in  the 
lediterranean  region  (Morocco,  Portugal),  has  narrow  linear 
aves  which  are  covered  with  sticky  glandular  hairs.  Small 
ssects  remain  hanging  on  the  hairs,  which  are  used  as  fly- 
iaps.  The  Venus’  fly-trap  (Dionxa)  of  North  America 

Fig.  25. 


b 

Leaves  of  insectivorous  plants. 

a,  Drosera,  natural  size;  b,  Dionaa , rcdticcd  ; c,  Neflenthes. 

1.  leaf-like  pctiole;  2.  tendril ; 3.  pitcher;  4.  lid,  reduced. 

}8sesses  metamorphosed  leaf-stalks,  which  carry  on  regulär 
itrition  in  the  place  of  leaves,  and  a blade  which  is  capablc 
f closing  together  down  the  middle  line,  and  which  bears 
eth  at  the  edge,  and  red  glandular  hairs  upon  its  surface. 
:j:’he  two  halves  of  the  blade  close  suddenly  if  touched,  the 
jf.eth  interlock  at  the  edges,  and  the  entrapped  insect  is 
ü oomed  to  dcath. 

I A second  group  of  insectivorous  plants  possesses  leaves 
i!  ith  bladders,  which  serve  as  a trap  for  animals.  The  root- 
; ss  bladder-wort  (Utricularia),  which  is  found  in  our  inland 
1;  aters,  has  leaves  which  are  blown  out  like  small  retorts  ; at 
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the  entrancc  is  an  elastic  lid,  which  is  likc  a valve,  and  yields 
only  to  pressure  from  the  outside.  The  opening  is  also 
surrounded  by  bristles,  so  that  the  whole  structure  recalls  the 
small  Crustaccan,  Daphne,  which  abounds  in  our  pools  and 
ditches.  The  interior  of  the  bladder  is  lincd  by  absorptive 
cells.  If  small  creatures  enter  the  bladder,  it  is  impossible 
f'or  them  to  escape  alive  ; they  are  either  6ufFocated  or  starved, 
and  when  they  decay,  their  remains  are  absorbed  by  the 
plant  in  a way  which  is  not  yct  thoroughly  understood. 

The  pitcher-plants,  belonging  to  the  genera  Sarracenia  and 
Nepenthes,  deserve  special  mention.  Sarracenia  is  a marsh-  j 
plant  of  North-east  America.  The  leaves  develop  as  stränge  ; 
pitcher-like  structures,  which  lie  upon  the  ground,  and  curve 
upwards,  having  at  the  mouth  a shell-like  lid.  The  pitcher 
possesses  a longitudinal  flap,  and  the  lid  secretes  honey ; the 
inner  wall  of  the  pitcher  is  smooth.  The  funnel-shaped  < 
mouth  catches  the  rain-water,  a quantity  of  which  collects  in 
the  pitcher.  Small  insects  are  enticed  in  large  numbers  to 
ascend  the  llap  to  the  honey-glands ; on  their  arrival  there  i 
they  fall  down  inside,  and  being  unable  to  get  out  of  the 
pitcher,  they  are  soon  drowned  in  the  water.  It  may  be  that 
their  death  is  hastened  by  a liquid  secreted  by  the  pitcher.  j 
The  number  of  animals  caught  in  such  a pitcher  is  ölten 
very  great.  Some  pitcher-plants  seem  to  display  a cunning 
which  is  almost  revolting ; some  even  secrete  honey  on  the 
flap  which  runs  up  the  side  of  the  pitcher,  others  have 
bright  colours,  as  well  as  honey-glands,  on  the  lid,  and  thus, 
with  all  the  means  at  their  disposal,  they  entice  the  unhappy  ; 
insects  to  sure  destruction. 

The  arrangements  for  catching  insects  are  the  same  in 
Nepenthes  as  in  Sarracenia.  These  plants,  which  belong  to  j 
the  tropical  Vegetation  of  the  marshes  oi  the  primeval  forest,  ; 
often  climb  up  the  trees  like  lianes.  The  leal  shows  a vast  ^ 
capacity  for  work,  being  at  the  same  time  the  organ  for  | 
nutrition,  climbing,  and  capturing  insects.  The  lower  part  I 
(petiole)  is  leaf-like,  then  follows  a tendril  (the  second  part  , 
of  the  leaf-stalk),  then  a pitcher  (which  is  also  considered  j 


THE  EXTERNAL  ORGANS  OF  PLANTS  55 

vv  many  to  be  yet  another  part  of  the  lcaf-stalk),  and  lastly 
i leaf-like  lid  (the  blade).  On  the  pitcher  are  found 
reacherous  path-iinders  and  gay  colours,  which  entice  con- 
uding  insects.  The  latter  are  fed  with  honey  even  on  the 
t-ery  border  of  the  assassin’s  den,  but  after  this  farewell  revel 
,hey  generally  slip  upon  the  smooth  edge,  and  are  hurled,  like 

cost  souls,  down  into  the  abyss.  . 

(c)  Reduced  shoots.  Parasites  afford  a good  example 
of  reduction  in  organs.  Among  them  occur  some  of  the  few 
-ascs  in  which  we  can  speak  of  extensive  and.  permanent 
Variation,  caused  by  a changed  mode  of  life.  This  is  not  to 
oe  wondered  at,  for  the  assumption  of  a parasitic  habit  stgmiies 
the  perversion  of  the  nature  of  the  plant.  A plant  is  only 
iistinguished  from  an  animal  by  the  fact  that  it  is  capable  or 

■ ndependent  nutrition  from  inorganic  material ; the  abandon- 
■nent  of  this  method  of  nutrition  must  of  necessity  be  connected 
*ivith  an  imjiortant  modification  of  Organisation. 

Many  different  stages  occur  in  the  parasitic  mode  of  hfe. 
iThere  are  parasites  in  which  the  usual  method  of  plant 
nutrition  is  still  to  a great  extent  retained,  but  which  incline 
towards  parasitism,  although  they  show  scarcely  any  reduction 
of  the  axis  and  leaves.  Since  such  parasites  take  hom  their 
hosts  only  water  and  some  salts,  the  reduction  affects  the 
roots  alone.  Examples  of  this  are  the  Mistletoe,  mentioned 
above,  and  the  Yellow  Raule,  both  of  these  being  plants  in 
which  the  parasitic  nature  is  not  easily  recognised. 

To  a second  group  belongs  Dodder  (Cuscuta),  a plant 
which  twines  round  other  plants  (flax,  hemp,  stinging-nettles, 
clover),  and  which  possesses  no  roots  of  its  own.  1t  adheres 
to  its  host  instead  by  means  of  aerial  roots,  which  are.meta- 
morphosed  into  sucking-organs,  and  absorb  the  useful  juices  ; 
it  does,  however,  most  harm  by  strangling  its  host,  especially 
when  it  is  present  in  great  quantities. 

In  Dodder  the  reduction  of  the  leaf-surface  has  taken 
| place  very  thoroughly ; the  leaves  are  only  small  scales,  and 
' the  whole  plant  is  not  green,  but  of  a reddish-yellow  colour. 

■ This  occürs  still  more  in  many  orchids,  and  to  an  even 
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greater  extent  in  Monotropa  and  Orobanche,  which,  in  con- 
sequence  of  the  nature  of  the  method  of  nutrition,  caused  by 
the  absence  of  green  colour,  have  undergone  complete  meta- 
morphosis,  and  adapted  themselves  to  a parasitic  mode  of  life. 
These  plants  arc,  however,  not  always  murderers  and  robbers. 
Many  of  thein  live  on  the  mould  and  humus  of  the  soil  of  the 
forest ; others,  on  the  other  hand,  adhere  by  their  roots  to  the 
roots  of  other  plants,  and  suck  up  front  them  their  living 
juices. 

In  many  tro])ical  parasites  the  body  is  a more  or  less 
shapeless  mass,  bearing  small  scales  in  the  place  of  leaves. 
It  is  either  sunk  in  the  body  of  the  host  or  supported  on 
it,  and  consists  almost  entirely  of  a large  flower.  It  is 
worthy  of  note  that  the  flowers  of  these  parasites  are  not 
reduced  ; some  of  them  even  have  the  largest  flowers  in  exist- 
ence,  as  the  Rafflesia  Arnoldi.  The  flowers  of  this  plant 
resemble  large  cabbages  when  in  bud,  and  when  opened  they 
have  a diameter  of  one  mctre  ; at  the  same  time  they  possess 
a very  unpleasant  odour,  resembling  that  of  putrefaction. 
These  extraordinary  flowers  were  discovered  in  Sumatra  in 
the  year  1818;  but  no  one  has  succeeded  in  finding  them 
anywhere  eise. 

(,/)  Rudimentary  shoots.  The  forms  of  shoots 
described  above  occur  in  the  higher  plants,  which  are  usually 
designated  as  the  seed-bearing  plants,  or  I hanerogams. 
Amongthe  seedless  plants  (Cryptogams)  are  found  a whole 
• series  of  shoots  showing  a progressive  order  of  development. 

When  the  plant-body  consists  of  a single  cell,  as  in  many 
Alga:  and  Fungi,  it  may  be  considered  as  a shoot  of  the 
simplest  form.  No  division  of  labour  takes  place  in  this 
case;  all  the  work  is  done  by  the  whole  cell.  Special 
growth  may  however  take  place  in  the  cell,  even  in  the 
lowest  forms  of  unicellular  plants,  the  two  ends  of  the  cell 
becoming  differentiated  during  the  progress  of  development. 
The  lower  end  may  attach  itself  to  the  substratum,  and  may 
from  the  physiological  stand point  be  regarded  as  a root ; the 
upper  end  may  be  green  and  grow  upwards,  correspond  mg  to 
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Hie  aerial  shoot  of  the  higher  plants.  Such  a case  is  found 
KOth  among  the  Alga:  and  the  Fungi  (Mucor). 

The  next  Step  in  the  development  of  the  shoot  is  the 
brmation  of  a single  flat  layer  of  cells,  which  may  he  either 
| simple  body  displaying  no  division  of  labour,  or  may  on 
ne  other  hand  be  much  more  highly  difFerentiated.  The 
aoot  considered  apart  from  the  sexual  organs,  which  even  in 
lis  stage  play  an  important  part,  only  shows  a very  slight 
Avance  in  its  form,  seen  chiefly  in  the  structure  of  the 
rppendages,  i.e.  the  leaves.  These  first  appear  in  the  highest 
illgae  (Characeae)  ; but  are  absent  in  the  Fungi,  in  which 
iey  are  not  required. 

The  next  stage  is  found  in  mosses,  and  is  distinguished  by 
le  differentiation  of  the  shoot  into  the  axis  and  leaf.  The 
■aves  are  sometimes  reprcsented  only  by  scales  as  in  the 
.iverworts.  Since,  however,  the  plant  is  impressed  with 
we  necessity  of  possessing  the  means  of  nutrition,  the  axis 
ikes  the  characteristic  form  of  a flat  shoot,  or  cladodc, 
i which  the  leaves  occur  as  scales  on  the  under  surface. 
'n  the  higher  mosses  the  axis  becomes  more  stem-like,  and 
ossesses  leaves  of  the  simplest  kind.  Vascular  bundles 
e lacking  in  these  small  plants.  This  is  owing  to  the 
isence  of  true  roots,  the  place  of  which  is  supplied  by  100t 
airs. 

In  the  next  stage,  reprcsented  by  the  ferns,  the  axis  and 
af  undergo  considerablc  further  development  both  with 
•gard  to  their  anatomy  and  morphology.  Thus  even  in  the 
ryptogams  we  meet  with  forms  which  serve  different 
aysiological  ends. 

The  shoots  of  Phanerogams  are  still  more  highly  developed ; 
ieir  varieties  have,  however,  been  already  sufliciently 
cplained. 

7.  Mairlike  structures.  We  will  now  briefly  consider 
iose  forms  which  are  simple  epidermal  outgrowths,  and  are 
merally  called  hairs. 

I hese  may  occur  on  all  the  organs  of  plants.  In  roots  only 
ae  kind  is  found,  namcly  root-hairs.  These  arise  on  the 
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outside  of  the  growing  root  as  single  cells,  and  serve  to  take  1 
up  water  from  the  seil. 

The  hairs  which  are  found  on  the  shoot  and  leaves  are,  on  | 
the  contrary,  very  various ; they  may  he  either  simple  1 
tubercles,  or  long  or  short  threads ; sometimes  they  are  1 
thickened  at  the  tip  like  a club,  in  other  cases  they  are  | 
branched  or  stellate.  They  cover  the  leaf  in  one  case  with  $ 
rough  hairs,  or  in  another  with  a thick  woolly  blanket,  thus  | 
protecting  the  plant  from  desiccation  and  excessive  radiation.  | 
They  may  be  dry  scales  (ferns),  sticky  hairs,  protecting  the  | 
bud-scales  of  trees  from  insects  and  damp  by  means  of  their  1 
gummy  secretion  (horse-chestnut),  glandular  hairs,  stinging  | 
hairs,  capturing  hairs,  or  the  digestive  hairs  of  insectivorous  | 
plants. 

Prickles  may  be  included  under  the  term  emergences,  or  | 
cpidermal  structures  in  whosc  formation  deeper  layers  of  tissue 
take  part,  but  into  which  vascular  bundles  do  not  enter.  They  ; 
are  therefore  easily  separated  from  the  organ  which  bears  them,  1 
and  by  this  means  are  readily  distinguished  from  thorns.  1t 
will  be  readily  understood  that  they  serve  to  protect  the  j 
plant  from  the  attacks  of  animals. 

8.  The  f lower  in g shoot.  AU  these  shoots  serve  for  1 
the  purpose*  of  nutrition,  and  in  a subordinate  manner  for 
protecting  the  plant,  holding  it  firm,  and  catching  insects; 
they  are  thus  of  use  for  the  preservation  of  the  individual. 
These  sei  fish  aims  are  not,  however,  the  only  ones  which. 
govern  the  plant  world.  We  find  as  a secondary  object  one 
which  must  be  quite  indifferent  to  the  plant  as  an  individual, 

;.  e.  the  preservation  of  the  species,  the  giving  rise  to  a new 
generation,  which,  after  the  plant  itself  has  perished,  shall 
occupy  its  place  in  life.  This  is  known  as  reproduction.  i 

In  order  to  fulfil  this  purpose  the  plant-body  forms  special 

shoots,  called  flowers.  J 

The  flowering  shoot  is  either  found  at  the  tip  of  tho  | 
vegetative  shoot  and  its  lateral  branches,  or  it  forms  special 
shoots  from  buds  which  arise  in  the  leaf  axils,  and  which  can 
be  recogniscd  at  a very  early  stage  of  development.  I hcre 
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;-s  great  diversity  in  the  nnmber  of  the  flowers.  Some  plants 
tire  content  witli  only  a single  flower,  others  have  more, 
t.vhile  others  again  produce  a great  quantity,  in  which  the 
sumber  is  in  inverse  proportion  to  the  size.  It  often  happens 
hat  a whole  shoot-system  with  many  axillary  branches  serves 
he  purpose  of  reproduction ; this  is  called  an  inflorescence. 
In  order  to  increasc  the  available  space  for  flowers,  extensive 
oranching  often  occurs.  The  chief  kinds  of  inflorescence 
lave  been  already  mentioned.  The  Ieaves  on  the  shoots  of 
he  inflorescence  are  smaller,  and  of  simpler  form  than  the 
coliage  Ieaves,  and  have  been  already  described  under  the 
oame  of  bracts  (Fig.  29). 

( a ) Genera 1 structure  of  the  flower.  The 

lowering-shoot  or  flower  shows  a succession  of  variously 
metamorphosed  Ieaves,  of  which  the  outer  are  protective  in 
.unction,  while  the  inner  are  the  special  Organs  of  reproduction 
(see  Figs.  27-30).  The  protective  part  or  perianth  consists 
of  two  whorls,  the  calyx  and  corolla  ; the  organs  of  reproduc- 
:ion  or  sexual  organs  (in  Order  to  employ  a term  which 
-s  suitable  for  the  whole  vegetable  kingdom  they  may  be 
called  sporophylls)  are  of  two  kinds,  stamens  (male)  and 
pistil  (female).  The  parts  of  which  the  pistil  is  composed 
ire  termed  carpels.  The  leaf-like  nature  of  the  organs  can 
only  be  clearly  seen  in  the  two  outer  whorls  ; it  is  not  apparent 
n the  other  floral  Ieaves.  A metamorphosis  of  the  leaf 
occurs  also  in  the  stamens  and  pistil — or,  as  they  might 
oe  better  termed  from  their  nature,  staminal  and  carpellary 
eaves.  This  is  shown  both  by  the  history  of  their 
development,  and  by  the  reappearance  of  ancestral  features. 
It  may  occur  that  the  stamens  and  pistil  are  wholly  or 
partially  leaf-like  in  form,  as  in  double  flowers,  which  from 
this  cause  have  lost  their  power  of  producing  seeds. 

From  the  above  we  gather  that  the  staminal  and  carpellary 
ieaves  are  the  essential  parts  of  the  flower ; the  perianth  is 
■•inessential,  and  may  be  absent.  If  it  is  present  with  all  the 
other  organs,  the  flower  is  said  to  be  complete  (Fig.  27)  ; if 
it  is  absent,  the  flower  is  naked.  It  may  occur  that  either 
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only  one  whorl  of  the  perianth  is  present  (the  calyx  or  the 
corolla,  Fig.  29)  ; or  the  whorls  may  be  both  alike.  In 
either  of  these  cases  it  is  called  a perigone.  In  big.  30  the 
calyx,  which  is  clearly  present,  is  petaloid  and  coloured. 
When  stamens  and  carpels  are  both  present  the  flower  is  sanl 
to  be  hermaphrodite  (Fig.  27).  If,  however,  only  one  of 
the  two  sets  of  Organs  is  present  the  flower  is  di-clinous  or  uni- 
sexual,  being  male,  if  it  possesses  stamens,  and  female,  it  it 
possesses  carpels.  If  both  are  absent  the  flower  is  useless  tor 
purposes  of  reproduction,  and  can  only  play  a part  in  assisting 
other  flowers,  as  we  shall  hear  later. 

Fixed  rules  can  be  observed  in  the  arrangement  of  the 


Fig.  26. 


Diaerams.  A.  Tulipa,  pentacyclic,  trimerous  flower. 

' s B.  Solanum,  tctracyclic,  pentainerous  flower. 

parts  of  the  flower.  The  representation  of  the  flower  in 
horizontal  section  is  called  a floral  diagram  (big.  2 >)»  ani 
oives  a very  good  idea  of  its  general  arrangement.  I he 
parts  of  the  flower  may  be  either  in  whorls  (cyclic)  or 
spiral  (acyclic).  The  latter  type  is  rare,  but  an  example 
occurs  in  the  cones  of  the  order  Conifer*.  In  the  cyclic 
flowers  the  number  of  whorls  must  be  caretully  notid, 
since  it  often  happens  that  one  kind  of  floral  organ  is  in 
several  whorls.  This  is  especially  the  case  w.th  stamens. 
We  speak  therefore  of  flowers  having  one  or  many  who  ■* 
Tbc  number  of  leaves  in  a whorl  is  also  important.  1 he 
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■eaves  may  be  from  two  to  an  indefinite  number,  and  the  llower 
s accordingly  either  di-,  tri-,  tetra-,  pentamerous,  etc. 

As  rcgards  the  position  of  the  whorls  with  rcference  to  cach 
other  wc  find  two  varicties  ; in  one  case  the  members  of  the 
| ollowing  whorl  are  placed  between  those  of  the  preceding 
Lvhorl,  /'.  e.  they  are  aiternate,  in  the  other  case  the  members 
of  the  following  whorl  are  placed  in  front  of  those  of  the 
ircceding  whorl,  i.  r.  they  are  opposite.  1 he  following  are 
,i  few  examples  : Solanum  (big.  26,  ä)  has  a flower  in  four 
»whorls  (tetracyclic),  and  every  whorl  consists  of  five  members 
(pentamerous);  in  the  order  Cruciferae  (as  cabbage)  the 
io  weis  are  in  six  whorls,  and  the  whorls  vary  in  the  number 
)f  their  members  (the  calyx  in  two  whorls,  each  consisting 
i jf  two  sepals,  the  corolla  in  one  whorl  of  four  pctals,  the 
tstamens  in  two  whorls,  the  outer  consisting  of  two  stamens 
und  the  inner  of  four,  the  pistil  in  one  whorl  of  two  carpcls). 
Flowers  of  the  order  Liliaeese  ( ! ulipa,  big.  26,  «)  are  five- 
Urhorled  (pentacyclic),  each  whorl  having  thrcc  members 
i (trimerous). 

The  arrangements  we  have  just  mentioned  are  not,  however, 
»always  so  obvious  as  it  might  appear.  Reductions  may  take 
place  in  the  different  parts,  which  are  then  said  to  be  abortive. 
If  the  parts  entirely  disappear  we  must  seek  for  explanation 
in  the  history  of  the  development  of  the  flower.  On  the 
other  hand,  division  or  reduplication  may  take  place  in  any 
whorl,  as  in  the  inner  staminal  whorl  of  the  Cruciferie, 
which  has  become  tetramerous  by  branching.  Lastly, 
cohesion  may  take  place  between  the  adjaccnt  members  of  a 
whorl,  and  thus  the  regulär  relations  of  the  numbers  may  be 
disturbed. 

The  increase  in  the  number  of  pctals  of  double  flowers 
| rarely  arises  by  the  interpolation  of  fresh  petals.  i he 
doubling  is  generally  due  to  one  of  two  other  causes  : the 
£ division  of  the  originally  simple  members  into  many,  or  the 
K transformation  of  stamens  and  carpels  into  petals,  this  revealing 
;i  at  the  same  time  their  leaf-like  nature. 

The  way  in  which  the  petals  are  folded  in  the  bud  is 
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called  aestivation  ; it  is  valvate,  when  the  petals  touch  by  » 
their  edges,  imbricate,  when  they  over-lap  one  another.  We 
will  not  enter  into  details  on  this  subject,  or  on  that  of  the  >' 
insertion  of  the  flower,  by  which  we  understand  the  way  in  % 
which  the  ditferent  members  of  each  whorl  are  attached  to  • 
those  of  the  preceding  whorl.  The  history  of  the  develop-  | 
ment  of  the  flower  can  not  here  be  explained.  It  must 
suflice  to  say  that  the  growing-point  of  the  flowering  shoot  | 
ceases  to  grow  as  soon  as  it  has  given  rise  to  cellular  pro-  X 
tuberances  from  which  the  floral  organs  are  developed.  In 
this  it  resembles  the  vegetative  shoot. 

The  flower  may  be  either  regulär  or  irregulär  in  structure.  I 
Flowers  are  said  to  be  regulär  when  the  members  of  all  the  f 
whorls  have  a similar  structure,  and  are  radially  arranged  * 
on  the  axis  (forget-me-not)  ; they  are  said  to  be  symmetrical 
when  the  flower  can  be  divided  into  two  similar  and  equal  | 
halves  (Mimulus,  Fig.  30,  Pea  and  Dead-nettle).  Dissimi-  * 
larity  may  be  shown  by  difference  in  colour  and  position,  J 
but  chiefly  by  Variation  in  size.  The  origin  of  the  symmetrical 
formation  of  flowers  is  a disputed  point.  | 

( h ) Special  structure  of  the  floral  organs.  (a)  j 
The  axis.  The  axis  of  the  flowering  shoot  is  called  the 
rcceptacle  ; it  generally  consists  of  whorls  of  leaves  with  very  | 
much  shortened  mternodes.  1 he  leaves  are  typically  in  the  | 
order  mentioned  above  : calyx,  corolla,  stamens  and  pistil,  the  ^ 
latter  occupying  the  tip  or  centre  of  the  flower.  It  sometimes  | 
occurs,  however,  that  the  internodes  between  two  different  | 
whorls  of  floral  leaves  are  elongated,  so  that  a whorl  is 
raised  up  as  if  on  a stalk  (Caryophyllaceae).  Glands  having 
a honey-like  secretion  may  be  formed  on  the  axis  between 
the  whorls;  if  the  gland  is  a ring-shaped  wall  it  is  called  a 
disc  ( I , abiataz ) . The  axis  may  also  become  enlarged  and  ; 
form  a flat  disc,  on  which  the  whorls  are  more  or  less  v 
separated.  If  we  now  imagine  that  on  this  disc-hke 
rcceptacle  a growth  takes  place  between  the  stamens  and 
pistil,  so  that  the  calyx,  corolla  and  stamens  are  raised  up  as 
if  on  a wall,  we  sec  that  it  results  in  the  formation  of  a 
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ujp-like  structure.  In  the  interior  of  the  cup  is  the  pistil, 
hae  remaining  organs  being  on  the  margin  ot  the  receptacle 
.LRosacex,  as  rose).  In  the  third  and  last  C3se  the  inner 
Lirface  of  the  cup-like  axis  adheres  to  the  carpcls,  so  that 
he  other  floral  organs  appear  to  be  placed  above  the  ovary 
lUmbelliferx).  This  is  called  the  insertion  of  the  flower. 
n the  first  case  the  perianth  is  below  the  ovary  or  hypogynous 
IFigs.  27  and  28),  and  the  pistil  superior;  in  the  second 
base  the  perianth  is  round  the  ovary  or  perigynous,  and  the 
istil  half-supcrior ; and  in  the  third  case  the  perianth  is 
bove  the  ovary  or  cpigynous,  and  the  pistil  inferior. 

( ß ) The  perianth.  Flowers  which  haye  no  special 
•erianth  are  said  to  be  naked  (ash,  willow).  lhe  perianth, 


Fig.  27.  Fig.  28. 


liplotaxis  tenui/olia , hermaphrodite 
completc  flower. 

k,  calyx ; bl,  pctals;  stx  stamens; 
n,  Stigma  of  the  pistil. 


Thunbergia  a/atat  lower  part  of  the 
flower. 

ai\  cpicalyx;  k , calvx;  bl,  tube 
of  the  corolla. 


jvhen  present,  may  be  either  simple,  when  all  the  members 
| ire  alike,  in  which  case  it  is  called  the  perigone  (big.  29)  ; 
i or  we  may  be  able  to  distinguish  two  distinct  whorls,  which  are 
j ;alled  the  calyx  and  corolla  (Fig.  27).  In  all  three  varicties 
! :he  members  may  be  either  united  (Figs.  28  and  3°)>  or  ^ree 
j (Figs.  27  and  29)  ; in  the  first  case  the  number  of  leaves  is 
j shown  by  the  teeth  or  divisions  at  the  edge.  The  expression 
I«  united  ” does  not  indicate  the  cohesion  of  originally  simple 
[tleaf-like  structures,  since  a perianth  of  this  sort  generally 
i[.arise8  as  a circular  ring. 
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The  typical  calyx  and  corolla  are  distinguished  chiefly  by } 
their  cxternal  features.  The  calyx  is  grcen  and  leaf-like, 
rarely  coloured  (Fig.  30),  the  sepals  usually  having  a widefj 
base,  and  being  undivided  (sometimcs  divided  in  roses).  Its 
protective  function  is  exercised  chiefly  when  the  flower  is 
young,  i.  e.  lt  shiclds  the  internal  parts  from  cold  and  wet.  2 
For  this  reason  the  calyx  often  only  possesses  a transitory  | 
importance,  and  may  fall  olT  soon  alter  the  flower  opens# 
(poppy).  II  it  persists  it  acquires  later  a secondary  function,  R 
and  helps  to  disj>erse  the  fruit  by  providing  it  with  a flying  .5 
organ.  The  niost  striking  example  of  such  a calyx  is 
shown  by  some  ot  the  Compositae.  Many  plants  oi  this  j§ 
order  possess  a very  small  hair-like  calyx,  which  develops  5 
later  when  the  fruit  ripens  mto  a feathery  parachtite-like 
crown,  called  the  pappus  (dandelion,  (rnaphahum, 

32  and  48).  The  terms  which  are  i 
used  in  describing  the  __  gamosepalous ; 
(sepals  united)  calyx  are  self-explan-|? 
atory  (tubulär,  campanulate,  funnel-  j 
shaped,  cup-shaped,  globular,  inflated).  j 
The  calyx  may  also  be  symmetrical  J 
in  form. 

The  corolla  is,  on  the  other  hand, 
usually  brightly  coloured  and  delicate  1 
in  texture ; it  may  be  clawed  and  j 
fringed  (Pink).  The  bright  colour  is  j 
due  to  blue  or  red  colouring  matter  in 
solution  or  to  yellow  corpuscles  ; other 
peculiarities,  as  a velvet-Iike  surface,  * 
may  be  present.  Regular  polypetalous 
corollas  (petals  separate)  are  found  in 
the  Cruciferx,  Caryophyllacete  and 
Rosaceae;  the  Papilionaceae  have  a 
symmetrical  polypetalous  corolla,  the 
Campanulacese  a regulär  gamopetalous  corolla  (petals  united), 
and  the  Labiatac  a symmetrical  gamojietalous  corolla. 

In  the  order  Compositar  the  two  last-mcn'ioned  forms 


Fig.  29. 
TI 


ßegonia  spec.,  pistillate 
flower. 

v,  bract ; st,  pedicel ; fr, 
ovary : ot,  perigone ; 
h,  pistil. 
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rre  found  in  one  infloresccnce  (Figs.  31  and  32)>  the  tubulär 
■jorets  being  regulär,  the  ligulate  florets  symraetrical.  For 
«e  rcst  we  may  use  the  sanie  terms  as  those  employed  for 

Fic.  30. 


Mimuhu  luttut.  Flowcr  witli  petaluid  calyx. 

rhe  calyx.  The  development  of  the  perigone  may  be  of  a 
iimilar  ’character  ; it  is  either  sepaloid  (green)  or  petaloid 
;coloured). 

It  is  obvious  that  the  corolla  is  only  protective  in  function 
j*.o  a very  small  extent.  There  are  cases 
L which  the  corolla  or  the  perigone  closes 
Et  night,  and  protects  the  more  internal 
parts  from  cold.  The  petals  are,  how- 
hver,  usually  very  delicate,  and  are  spread 
Lvidely  open,  this  position  being  connected 
,vith  an  important  biological  fact.  Many 
nsects,  cspecially  the  Hymenoptera  (becs,  Solidago  virraurea , 
iumble-bees),  play  an  important  part  in  f(°4d!nrod  *°WCr 
:he  fertilißation  oi  plants.  The  plant  is 
iependent  011  them,  and  therefore  sceks  to  attract  them ; it 
)ffers  them  the  honey  which  it  secrctes  in  the  flower,  and  the 
juper-abundant  pollen.  It  enticcs  them  by  the  gay  colours  of 
ehe  corolla,  and  by  pleasant  odours.  1 he  large  petals  are 
i noticcd  by  the  insects  from  afar,  and  provide  them  with  a 
i convenient  landing-stage. 

We  often  find  a wonderful  division  of  labour  in  this 
ij  proccss.  In  many  infiorcscences,  as  in  the  capitulum,  the 
Iperipheral  flowers  are  larger  than  the  others,  and  serve  both 
as  a mcans  of  attraction  and  as  a landing-stage.  As  regards 
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any  other  purpose  they  are  useless,  since  they  have  become 
barrcn  by  the  lossof  the  stamens  and  carpels  ( Chrysanthemum, 
cornflower,  golden-rod,  Fig.  31,  and  flea-banc,  Fig.  32). 
In  other  cases  the  corolla  often  offers  the  insect  an  easy 
entrance,  as  in  the  Labiatae. 

The  corolla  may  now  and  then  undertake  some  other  dutyr!! 
of  which  the  chief  is  the  secretionand  storage  of  honey.  For 
this  purpose  niany  corollas  have  a spur-like  Prolongation  (orchis, 


Fig.  32. 


a b 


Pulicarin  dyseuterica,  flea-banc. 

n mstillate  lieulate  floret  of  the  ray;  b,  hermaphrodite  tubulär  floret  of  the  dtsc 
’ /r,  inferior  ovary ; bk,  fealhery  pappus;  bl,  corolla;  st,  stanunal  tube 
»,’stigma.  (Enlarged.) 


violet) ; or  the  whole  petal  may  be  converted  into  a nectary 

or  honey  receptacle  (hellebore). 

Other  foliar  organs  perform  or  at  least  Supplement  the 
functions  of  the  perianth.  Some  plants  possess  a structure 
called  an  epicalyx  (Thunbcrgia,  Fig.  28,  Malvacex,  Rosacex) : 
this  consists  of  bracts,  which  are  situated  very  near  to  the 
calyx,  and  thus  resemble  the  leaves  of  the  flower.  In  other 
cases,  bracts  of  the  infloresccnce  may  bc  mcluded  m the 
apparatus  for  the  attraction  of  insects.  The  perianth  some- 
times  bears  stipules  which  in  the  narcissus  form  the  corona. 

The  stamens.  Thestamens  or  male  sporophylls  are 
included  under  the  term  “ andrcecium.”  The  number  of 
stamens  varies,  but  the  regularitv  of  the  varution  cnabled 
Linnaeus  to  found  ujton  it  his  artificial  system  of  classification. 
The  stalk  of  the  stamen  is  distinguished,  under  the  name  ot  ^ 
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' e filament,  from  the  upper  globular  part  which  is  known  as 
: .,e  anther.  The  filament  is  inessential  and  may  be  absent ; 

is,  however,  usually  present  in  Order  to  raise  the  anther 
rto  the  right  position.  The  anther  consists  of  two  halves, 
Uch  of  which  is  again  divided  by  a furrow  into  two  parts. 

; *his  corresponds  with  the  internal  structure.  On  making  a 
.ansverse  section  through  an  anther  we  see  four  cells,  the 
■t-called  poüen-sacs  (microsporangia).  In  the  ripe  stamen 


Fig.  33- 


Various  forms  of  stamens. 


Salpigtoisix,  typical  anther;  i,  Petunia  hybrida,  with  diverging  anthers; 
c,  Calluna  vulgaris,  with  tail-likc  appendages  on  the  anthers ; d,  Afaurandia 
with  vertical  anthers  and  lliickening  (y)  at  the  tip  of  the  filament  ; e,  with 
anthers  which  are  attached  vertically  at  the  attenuated  tip  of  the  filament ; 
/,  Viola  tricolor,  with  lengthened  filament  (u)  and  spur  like  appendage  (r/); 
g,  Thunbergia  alata,  with  knob-like  hairs;  h,  Lobelia  eriuus,  tinited 
filaments,  (i)  floral  axis,  (v)  United  part  of  the  filaments,  (f)  free  part, 
(/*)  pollcn ; «,  Lufiin,  with  lower  part  (r)  of  the  filaments  umted  ; in  all  nute 
figures  f indicates  the  filament  and  a the  anther. 

|j  iese  cells  are  filled  with  a fine  dust,  or  jiollen  (microspores), 
j hich  consists  of  small  single  cells.  1 he  pollen  grains  vary 
1 1 form  in  different  flowers ; the  outer  surface  being  marked 
| ith  knobs,  warts,  or  pricklcs,  etc.  The  cell  wall  is  double, 
ii  ansisting  of  the  intinc  and  extine.  The  two  pollen  sacs  are 
jt  nited  by  the  connective. 

! In  all  these  different  arrangements  the  variations  follow 
: xed  rules,  so  that  they  can  be  used  for  systcmatic 
$ lassification.  • 

It  occasionally  happens  that  the  stamens  are  barren,  i.e. 
ley  produce  no  pollen.  In  this  case  they  may  cither  sluivel 
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Fic.  34. 


up  and  become  entirely  reduced,  or  they  may  persist  andj 
assume  anothcr  form  and  function,  as  for  example  that  of 
« staminodes,”  which  are  oftcn  of  a glandular  nature. 

The  stamens  may  be  free,  or  they  may  cohere  in  scveral1 
bundles  («ee  the  Linnacan  classiiication).  In  the  Compositae 
(Fig.  32,  b ) the  anthers  unite  so  as  to  form  a tube,  but  the 
fdaments  are  free.  The  anther  may  even  cohere  with  some 
part  of  the  pistil  (orchids). 

When  the  pollen  ripens  the  pollen  sacs  open  by-means  of 
certain  thickened  cells,  situated  beneath  the  epidermis ; these! 
cells  contract  on  drying. 

(8)  The  pistil.  The  pistil  consists  of  a separate  carpel 
or  of  many  unitcd  carpels  ; all  the  carpels  are  included  in  the 

term  “ gyncecium.”  The  metamor- 
phosis  of  the  leaf  can  be  more; 
easily  seen  in  the  case  of  the  pistil. 
than  in  that  of  the  stamens.  If  we 
imagine  that  a leaf  is  folded  along 
the  midrib  so  that  the  edges  mcet, 
and  that  these  grow  togethcr  (at 
the  edge  or  ventral  suturc)  so  as  to 
form  a cavity,  we  shall  have  an 
example  of  the  simplest  form  of 
pistil.  Three  parts  can  be  dis- 
tinguished  in  the  fully-developed 
pistil,  the  ovary,  style,  and  stigm» 
The  pistil  may  be  compared  to  a 
bottle,  the  lower  part  of  which 
would  correspond  to  the  ovary,  the 
neck  to  the  style,  and  the  cork  to 
the  Stigma.  The  leaf-like  nature 
of  the  pistil  is  most  clearly  seen  in 
the  Papilionacese  (pca).  Plant* 
have  usually  several  carpels,  which 
eithcr  remain  free  (as  in  tlie 
Ranunculaceae,  for  example,  anemone),  or  cohere,  either  bf'. 
the  ovarics  alone,  or  also  by  the  style  and  6tigma.  I h#; 


ovary;  C,  style;  ff,  Stigma; 
w,  wall  of  tlie  ovary;  h, 
interior  of  the  same ; s, 
ovule;  i,  integument;  m, 
micropyle  ; k,  nucellus;  t, 
embryo-sac ; sch,  pollen- 
tube ; /,  pollen  grain. 
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rhesion  is  sometimes  no  longer  recognisable,  the  carpels 
ming  a one-  or  many-celled  structure.  Thia  may  occur 
either  superior  or  inferior  ovaries. 

Iln  the  ovary  is  a special  part  caüed  the  placenta,  which 
s the  most  important  part  of  the  pistil,  i.  e.  the  ovules 
tacrosporangia).  In  simple  pistils  the  ventral  suture  is 
placenta,  but  in  compound  pistils  a different  arrangement 
found.  In  the  lily,  the  placentation  is  axillary  (on  the 
argins  of  the  carpels  which  meet  in  the  centre  of  the  ovary), 
d in  the  poppy,  parietal  (on  the  wall  of  the  ovary).  ln 
tee  central  placentation  (Primula)  the  ovules  are  situated 
an  axis  which  Stands  freely  in  the  centre  of  the  ovary. 
dnally  it  may  happen  that  only  a single  ovule  is  present, 
d that  it  is  attached  to  the  base  of  the  ovary  (Polygonuni). 
The  ovule  is  the  structure  from  which  the  seed  arises. 
he  stalk,  if  present,  is  called  the  funicle;  the  point  at  which 
e ovule  is  joined  to  the  stalk  or  to  the  placenta  is  called 
e hilum  (plainly  seen  in  the  pea).  The  principal  part  of 
e ovule  is  the  nucellus,  which  possesses  one  or  two  coat-s 
nteguments),  having  at  one  point  a very  small  opening,  the 
icropyle.  At  an  early  stage  a large  cell  appears  in  the 
.tcellus;  this  is  the  embryo  sac  (macrospore),  and  at  the 
id  nearest  the  micropyle  are  seen  three  cells,  of  which  the 
nermost  is  the  egg-ccll.  The  position  of  the  ovule  is 
ther  straight,  when  the  hilum  and  micropyle  are  opposite 
le  another  (orthotropous),  or  turned  (anatropous)  when  the 
Mutual  positions  of  the  hilum  and  micropyle  are  the  same, 
jpt  the  whole  ovule  is  bent  towards  the  hilum,  and  coheres 
if  ith  the  funicle.  Lastly,  we  speak  of  a curved  ovule 
;i  campylotropous),  when  it  is  bent  in  such  a way  that  the 
jj. ilum  and  micropyle  are  not  opposite  one  another,  but  sidc 
H y side. 

! The  question  of  the  morphological  signification  of  the 
‘ vule  is  still  much  dis]>uted,  sincc  it  is  not  clear  whether  it 
•presents  a bud  or  a leaf ; it  appears  howcver  that  the  latter 
fj  iew  is  more  correct. 

: The  second  part  of  the  pistil  is  called  the  style,  and 
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contains  a canal  filled  for  the  most  part  with  a spongy  tissue ; 
the  style  may  be  absent,  or  if  present  it  may  be  branched  or 
divided  (Fig  37).  1t  shows  great  Variation  both  as  regards 
length  and  thickness. 

The  third  part  or  Stigma  is  more  essential.  It  may  be 
either  knob-like  and  simple,  or  divided  into  two  or  more 
parts  according  to  the  number  of  the  carpels  (Figs.  35-38). 

Fig.  35.  Fig.  36. 


Viola  tricolor,  pansy,  pistil. 


a,  side  view ; b,  transverse  section; 
/,  ovary;  g,  style;  n,  knob-like 
hollow  Stigma;  w,  wall  of  the 
ovary ; h,  cavity  of  the  ovary ; 
p,  placenta ; s,  ovule. 


Cardiosptrmuni  halicacabum,  ovary 
with  sessile  Stigma. 

/ ovary;  n,  trifid,  fleshy,  hairy  Stigma. 


It  is  usually  covered  with  protuberances,  and  js  aiso  sticky 
and  slimy,  in  Order  that  the  pollcn  grains  may  adhere  to  iu 
It  may  possess  an  apparatus  for  collecting  pollen,  being 
either  brush-like,  cup-shaped,  or  umbrella-shaped  (Fig. 


38,  c,  r,  b).  . 

Fertilisation  is  effected  by  means  of  the  stamens  and  pistil. 
Part  of  the  contcnts  of  the  pollen  grain  unite  with  the  egg- 


Fig.  37. 


cell.  The  pollen  grain  is  usually 
brought  to  the  Stigma  by  the  agency 
of  insects  (hcnce  the  honey  and 
attractiveapparatus),and  is  anchored 
to  it  by  means  of  the  irregularities 
on  its  surface,  and  on  that  ot  the 
Stigma.  The  sccretion  of  the  Stigma 
acts  as  a Stimulus  on  the  pollen 
grain,  and  the  latter  gives  rise  to  a 
tabc  which  penetrates  the  tissucs  of  the  style,  and  linally 
reaches  the  egg-ccll. 

The  proccs8  we  have  described  above  takes  place  in 


Hypericum  Perforation,  St. 
John'swort;  pistil,  a,  side 
view;  b,  transverse  section. 
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ie  Angiosperms  (plants  in  which  the  secd  is  contained  in 
closed  seed-vessel).  In  the  Gymnosperms  (plants  with 
aked  seed),  the  carpels  do  not  form  a closed  case,  but  remain 
[ppen,  leaf-like  and  scaly.  They  may  be  seen  in  the  well- 
nown  cones  of  pines  and  firs. 

o.  The  fruit.  The  result  of  fertilisation  is  the  torma- 
on  of  the  fruit  and  seed.  The  fruit  is  the  product  of 
:he  ovary,  and  the  seed  arises  from  the  ovule. 

The  changes  which  take  place  on  fertilisation  are,  however, 
,f  so  profound  a nature  that  they  often  involve  other  parts 
if  the  flower.  Tlius  even  bracts  may  form  the  husk  of  the 

F10.  38. 


Various  forms  of  style  and  Stigma. 

a%  Cettvofoulus,  simple  knob-like  stigma  with  pollen  grains;  by  SaJfiglossis,  with 
a style  which  is  enlargcd  at  the  top;  c , LoUlia  erinus , with  brush-like  hair.s 
(M  below  the  stigma ; dy  Begonie^  with  rurlcd  stigma : e,  Thunbergia  alala, 
style  with  cnp  for  collecting  pollen;  fy  Valeriana  offU:itiihsy  with  tnpartito 
Stigma:  g,  Scirput,  bilid  stigina,  witlt  prickly  surface;  h,  Sarothnmnus 
tcoparita,  spirsUy-roIled  style  with  collecting  brushes  at  the  tip;  m a,  p, 
and  c,  g indicates  the  style  aml  « tlie  stigma. 

fruit  (cupule  of  Cupul  i ferse : oak,  beech,  hazel).  When  the 
floral  receptacle  is  stimulated  to  growth  a false  fruit  is  formed, 
as  will  be  described  later. 

The  greatest  metamorphosis  takes  place  in  the  ovary. 
After  fertilisation  the  style  and  stigma  have  performed  their 
functions,  and  generally  wither.  In  somc  cases,  the  style 
i devclops  into  a flying  organ  (some  of  the  Caryophyllacese), 
in  the  wild.geranium  it  forms  a boring  apparatus  (see  p.  76). 

'I'hc  number  of  fruits  naturally  depends  on  the  number  of 
ovaries.  In  true  fruits  the  part  which  contains  the  seed 
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consists  of  the  wall  of  the  ovary,  and  this  has  usually  three 
layers.  Fruits  may  be  classified  according  to  the  nature  of 
these  layers.  We  can  distinguish  between  true  fruits  and 
false  fruits ; the  formet  consisting  of  the  ovary  only,  and  the 
latter  of  other  parts  of  the  flower  in  addition  to  the  ovary. 
True  fruits  are  said  to  be  succulent  when  the  wall  is  juicy, 
and  dry  when  the  wall  is  scaly,  leathery,  or  woody.  Dry 
fruits  may  be  either  indehiscent,  dehiscent,  or  schizocarps. 
In  the  indehiscent  fruits  the  seed-vessel  only  splits  on 
germination ; to  these  belong  the  caryopsis  (fruit  of  grass), 
in  which  the  seed-vessel  adheres  to  the  seed,  the  nut  (as  in 
oak,  Fig.  39,  and  hazel-nut),  in  which  the  pericarp  is  very 


Fio.  39- 


a * 

Qnercus,  oalc,  fruit,  a nut 

a,  side  view;  i,  longitudinal  scction; 
c,  cotylcdon,  the  embryo  lies  at 
the  top;  «>,  radicle ; plumule; 
n,  scar  left  by  the  second  cotyle- 
don. 


Fto.  40. 


Diplotaxis  tonuifolia , rocket, 
siliqua. 


hard,  and  the  Samara  (maple),  in  which  the  pericarp  has  a 
wing-like  extension.  Dehiscent  fruits  allow  the  seed  to 
escape  when  ripe ; this  is  done  either  by  Splitting  open  at 
some  point,  or  by  means  of  Bpecial  apertures.  11  the  fruit 
dehisces  along  the  ventral  suture  it  is  called  a follicle  (patony)  5 
if  it  dehisces  along  both  sutures  and  has  no  partition,  it  is 
called  a legume  ( Papilionaceae,  as  pca)  ; if  it  has  a false 
partition  (formed  by  the  growth  of  the  placenta),  it  is 
called  a siliqua  (Fig.  40,  Cruciferte,  as  rocket).  In  all 
other  cases  we  spcak  simply  of  a capsule ; this  may  open 
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by  tecth  (corn-cockle),  or  by  pores  (poppy),  or  by  a 
Lid  (scarlet  pimpernd).  The  schizocarp  (Figs.  41-42) 
divides  when  ripe  into  several  parts,  each  of  which  forms  a 
Lone-seeded  indehiscent  fruit  (Ümbelliferae).  The  fruit  is 
raften  jointed  for  this  purpose  (siliqua  of  wild  radish). 

Succulent  fruits  are  general  ly  indehiscent;  some  cucumbers, 
however,  explode  when  ripe  at  the  slightest  touch,  and  as  they 
rdo  so  shoot  out  their  seeds  to  a great  distance.  The  commonest 
Uinds  of  succulent  fruits  are  the  drupe  or  stone-fruit,  and  the 
poerry.  In  the  former,  the  inner  layer  of  the  wall  of  the 
jvary  (endocarp)  becomes  hard  and  stony,  while  the  two 


F10.  41. 

fr 


Q 

Malva  rotundifolia,  nnllow. 

■a,  calyx  with  schizocarp ; t,  single 
indehiscent  fruit;  a/t,  epicalyx; 
k,  calyx ; fr,  fruit. 


Fto.  42. 


C d 


Heraclcum  sfhondyliunt,  hog-wced, 
schizocarp. 

a,  the  two  fruits  (meriearps),  i,  the 
stalk  of  the  two  fruits ; c,  style ; 
d,  disc. 


outer  layers  remain  soft  (peach,  Fig.  43,  and  cherry)  ; a 
drupe  only  contains  one  seed.  The  berry  has  several  seeds, 
and  the  endocarp  is  not  stony  (currant,  bilberry,  nightshade, 
Fig.  44)- 

When  other  parts  of  the  (lower  beside  the  ovary  take  part 
in  the  formation  of  the  fruit,  the  latter  is  called  a false  fruit, 
as  we  have  already  stated.  Thus,  for  example,  in  the  straw- 
bcrry  there  .is  a fleshy  floral  axis,  on  which  grow  the  small 
true  fruits.  In  the  fig,  the  fruit  is  formed  of  the  whole 
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inflorescence,  the  axis  of  which  is  fleshy.  In  the  apple  the 
cup-Iike  fleshy  axis  adheres  to  the  ovaries. 

By  an  “ aggregate  fruit  ” we  understand  one  like  the 


Fig.  43.  Fig.  44. 


Persica  vulgaris,  peach,  drupe.  <?,  side  view ; b,  longitudinal  section. 


Fig.  45- 


blackberry  (Fig.  45),  in  which  the  separate  ovaries  are 
small  drupes  or  drupcls,  situated  on  the  cone-shaped  axis.  > 
The  biological  importance  of  the  fruit  is  evident.  It 
protects  the  growing  seed,  and  when  it  is  ripe,  assists  in  its 
distribution.  The  first  object  is  attained  by  the  great  strength 
of  the  wall  or  pericarp.  It  is  often  additionally  provided 
with  prickles  and  thorns,  which  defend 
it  against  the  attacks  of  animals  (thorn- 
apple).  The  fruits  may  bc  further 
protected  by  the  bitter,  sour,  or  other- 
wise  unpleasant  nature  of  the  succulent 
part  (walnut,  unripe  cherries).  In 
indehiscent  fruits  the  hard  woody  shell 
eftectually  keeps  out  the  cold  and  wet 
during  the  winter.  1 he  fruit  also 
assists  in  the  distribution  of  the  sceds. 
If  the  seeds  were  scattered  close  to 
the  mother  plant,  it  is  obvious  that 
during  the  process  of  germination  and  growth  they  would 
stand  in  each  other’s  way.  Fach  would  tend  to  monopoliae 
the  soil,  air,  and  light,  and  all  would  probably  remain  weak  and 


Kubus  fruticosus , black- 
berry, aggregate  fruit. 
k,  calyx;  st,  withered 
stamens;  fr,  fruits;  g, 
stylcs. 
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Ibadly  developed.  It  is  therefore  most  important  for  the 
> preservation  of  the  species,  that  the  seeds  should  settle  as  far 
. as  possible  from  the  parent  plant. 

The  contrivances  in  fruits  and  seeds  for  effccting  this 
result,  oder  an  attractive  picture  in  the  book  of  nature.  L'he 
plant  often  assists  itself  in  bringing  about  this  result.  This 
is  always  the  case  in  dehiscent  fruits,  especially  in  the  sling- 
| fruits,  in  which  the  seeds  are  shot  out  by  various  mechanical 
! contrivances.  A beautiful  and  well-known  example  is  seen 
in  the  balsam  or  touch-me-not  (Impatiens).  There  is  a special 
tissue.  in  the  fruit  which  shrinks  as  it  dries,  causing  the  walls 
to  curl  up  in  such  a manner  that  the  seed  is  shot  far  away. 
Another  noteworthy  example  is  that  of  the  Centaurea  ( b igs. 


4 ft,  47)  ; in  this  case,  the  involucre  of  bracts  which  surrounds 
the  innorescence  opens  in  dry  weather,  and  the  fruits  which 
it  contains  are  scattered.  In  other  cases  plants  make  use  of 
the  wind  or  animals.  The  seeds  are  often  so  light  that  a 
gust  of  wind  will  blow  them  out  of  the  capsule,  especially 
when  the  seed  possesscs  a flying  apparatus,  of  which  there 
8 are  many  different  kinds. 

The  llying  apparatus  may  be  a wing-like  structure  (maple) 
H or  a parachute  (cupule  of  hornbeam,  feathery  pappus  of 


Fig.  46. 


Fig.  47- 


Centauren  scabiosa,  grcater  knap- 
weed,  with  closed  bracts. 


hk,  involucre  of  bracts ; bl,  remains 
of  the  flowers  (the  fruits  are 
inside). 


The  same  with  open  bracts.  The 
bracts  are  widely  spread,  and  the 
fruits  have  beeu  scattered;  in 
the  middle  is  seen  the  pitted 
reccptacle. 
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Fig.  48. 


Sonchus  oleraceus,  sow- 
thistle,  the  hair-like 
calyx,  or  pappus,  forms 
a flying  organ. 


Compositae,  Fig.  48).  These  are  for  the  most  part  develop- 
ments  of  the  ovary,  bracts,  or  perianth  ; in  clematis  the  seed 
vessel  is  carried  by  means  of  the  feathery  style. 

It  is  often  the  case  that  animals  are  the  means  ot 
transport  for  the  fruits,  and  in  this  again  two  varieties  may  be 
distinguished.  The  dispersal  may  be  of  an  entirely  mechanical 
nature,  the  fruits  possessing  diverse  kinds  of  prickles,  brushes 
or  barbs,  with  which  they  fasten  them- 
selves  to  the  für  of  passing  animals, 
often  even  boring  into  their.  flesh 
(grasses,  galium,  agrimony,  Fig.  49). 
rl'hese  fruits  are  often  also  sticky,  and 
adhere  to  animals  by  this  means.  Some 
fruits,  on  the  other  hand,  attract  animals 
by  offering  them  a tempting  bait.  This 
occurs  in  those  succulent  fruits  which 
contain  sugar  and  aromatic  substances, 
as  well  as  a watery  liquid,  in  their 
juicy  ovaries,  thus  providing  a food  which  is  suitable  even 
for  human  beings.  Such  fruits  are  often  carried  by  animals 
to  some  distance,  the  juicy  part  is  thcn  devoured  and  the 
hard  part  is  left.  When  small,  the  whole  fruit  is  often 
eaten.  The  seeds  pass  uninjured  through  the  alimentary 
canal,  being  protected  by  their  hard  coat,  which  is  capable  ot 
resisting  the  action  of  the  solvent  juices  in  the  stomach  and 

intestines.  ... 

We  may  lastly  mention  those  fruits  which  are  provided 

with  an  apparatus  for  boring  their  way  into  the  ground. 
For  this  purpose  many  possess  simple  prickles  with  barbed 
hooks.  Thus  Trapa  or  water-chestnut  anchors  ltself  to  the 
slimy  soil.  Other  plants  possess  a long  brush  which  is  hygro- 
scoinc  (sensitive  to  dampness  in  the  air)  ; this  brush  elongates 
when  damp  and  curls  up  when  dry,  and  gradually  works  its 

way  into  the  soil  (Rrodium). 

10  The  seed.  The  fcrtilised  ovule  forms  the  seed. 
It  consists  of  a seed  coat  (testa)  which  arises  from  the  in- 
tcguments,  and  an  embryo,  which  is  produced  from  the 
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egg-ccll  in  thc  cmbryo  sac ; in  addition,  a nutritive  tissue  is 
often  found  dose  to  tlie  embryo ; tliis  is  called  the  endosperni 
or  albumen. 

The  embryo  is  naturally  the  most  important  part  of  the 
seed.  It  consists  of  one,  two,  or  several  seed-leavcs  (coty- 
ledons),  the  plumule  or  young  stem,  and  the 
FlG‘  49'  radicle  or  young  root.  The  wliole  structure 

is  the  result  of  the  fertilisation  of  the  egg- 
TjjgSr  cell,  which  undergoes  repeated  division,  and 

mg  thus  forms  a minute  but  complex  plant. 

All  the  parts  of  the  young  plant  can  be 
recognised  in  the  embryo. 

WSÄ  The  tcsta  adapts  itself  in  its  formation 
fruit  witb  barbcd  t0  tbe  part  for  which  it  is  destined.  If 
thc  fruit  has  a strong  indehisccnt  shell, 
the  seed-coat  is  not  unnecessarily  tough,  but  thin  and 
mcmbranous,  as  in  the  acorn  and  walnut.  In  dehiscent  and 
succulent  fruits,  on  the  other  hand,  the  embryo  after  leaving 
the  fruit  needs  further  protection,  and  tliis  is  providcd  by  a 
firm  and  leathery  (bean),  or  stony  skin  (grape).  A special 
peculiarity  is  seen  in  the  sceds  of  flax  and  of  somc  other  plants, 
in  which  the  outer  cclls  become  mucilaginous  when  wetted. 
Not  only  the  fruits,  but  the  seeds  themselves,  may  possess 
flying  organs ; these  are  seen  in  the  pine  in  the  form  of 
wing-like  appendages,  and  in  the  willows  and  willow-herb  as 
tufts  of  hairs.  The  seed  may  even  provide  food  for  birds,  in 
which  connection  we  may  mention  the  arillus  or  fleshy  mantle, 
which  grows  up  from  bclow  and  surrounds  the  seed  (yew, 
nutmcg). 

The  presence  or  absence  of  endosperni  is  used  as  a means 
of  classification ; but  it  has  also  a special  physiological  signi- 
ficance.  The  cotyledons  are  usually  rieh  in  reserve  materials 
(the  most  important  being  starch),  and  these  serve  to  nourish 
the  young  plant.  In  other  cases  thc  place  of  the  cotyledons 
is  taken  by  endosperm.  This  endosperni  is  a parenchymatous 
tissue,  which  contains  protoplasm,  oil  or  starch,  and  fills  up 
all  the  space  betwecn  the  embryo  and  the  testa.  It  usually 
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arises  from  the  embryo  sac  ; more  rarely  other  cclls  of  the 
nucellus  take  part  in  its  formation. 

The  embryo  lies  either  inside  or  outside  the  endosperm. 
It  may  Ix:  either  straight  or  curved.  The  nature  and  use  of 
its  parts  have  been  already  explained. 


III.  The  Life  of  the  Plant. 


Plants  may  be  said  to  be  anchored  to  the  soil ; they  cling 
•to  the  earth  with  their  roots,  wliile  their  stems  bcaring  the 
leaves  and  flowers,  seek  the  light  and  air.  If  a plant  is 

allowed  to  develop  without  bcing  disturbed,  it  is  seen  to 
spring  from  a very  small  beginning ; it  grows  as  if  tended 
by  an  unseen  hand,  bccomes  gradually  more  and  more  an 
independent  organism,  and  finally  bears  flowers  and  seeds, 
from  which  arise  organisms  of  the  same  species. 

The  life  of  the  plant  shows  thus  two  essential  processes, 
thcse  bcing  growth  and  development  on  the  one  hand,  and 
reproduction  on  the  other.  These  processes  depend  entirely 
■ on  the  proper  nutrition  of  the  plant. 

i.  Nutrition.  The  nutrition  of  plants  (exclusive  of 
parasites),  differs  essentially  from  the  corresponding  process 
in  animals.  It  is  distinguished  by  the  fact  that  inorganic 
materials  are-  changed  into  substances  resembling  those  of 
which  the  plant  body  is  composed.  This  process  is  known 
as  assimilation.  Both  the  method  of  nutrition,  and  the 
means  by  which  it  is  effected,  are  entirely  different  in  plants 
and  animals. 

(/i)  The  constituents  of  plant  food.  From  our 
; point  of  view,  a plant  is  most  moderate  in  its  demands ; it  is 
contented  if  the  air  supply  it  with  carbon  dioxide,  and  the 
soil  with  water.  The  rain-water  which  percolates  through 
the  earth,  takes  up  from  it  many  soluble  salts,  which  are  thus 
absorbed  by  the  plant.  The  materials  we  have  mentioned 
constitute  the  whole  of  the  bill  of  fare.  If  we  examine  more 
closely  into  the  substances  which  are  neccssary  for  the 
nutrition  of  the  plant,  we  find  that  they  are  those  Chemical 
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clcmcnts  of  which  the  body  of  the  plant  is  composed.  Since 
thc  Chemical  Constitution  varies  in  different  plants,  and  is  in 
fact  peculiar  to  each  kind,  we  must  assumc  a prioti  that  there 
must  be  a corresponding  difference  in  the  food  absorbed  fiom 
the  soil.  All  plants  nced  equally  water  and  carbon  dioxide ; 
they  vary,  howevcr,  in  the  kind  and  quantity  of  the  salts 
takcn  up  in  solution. 

The  principal  Chemical  elements  of  which  plants  consist 
are  carbon,  hydrogen,  oxygen,  and  nitrogen ; we  may  add  to 
these  sulphur  and  phosphorus,  and  a fcw  metals,  potassium, 
calcium,  magnesium  and  iron ; Silicon  is  also  ot  frequent 
occurrcnce.  The  part  played  by  these  elements  in  the  plant 
is  not  yet  quite  certain ; in  any  case,  all  are  necessary  with 
the  exception  of  Silicon,  which  is  not  of  great  importance. 

These  substances  are  not  taken  up  by  plants  in  the  condi- 
tion of  elements,  but  as  compounds,  in  Chemical  combination 
with  other  elements.  The  method  by  which  the  lirst  tliree 
are  obtained  is  quite  clear ; carbon  dioxide  consists  of  carbon 
and  oxygen,  water  of  hydrogen  and  oxygen.  Nitrogen  is 
widely  spread  in  the  form  of  a salt  called  nitre;  lt  is  also 
a constitucnt  of  the  air,  which  consists  ot  tour  parts  ot 
nitrogen  to  one  of  oxygen.  Experiments  prove  that  the 
nitrogen  of  the  air  can  only  be  taken  up  by  plants  belonging 
to  the  order  Leguminoste.  The  metals  we  have  mentioned 
are  taken  up  by  plants  in  the  form  of  salts,  especiady  as 

nitrates,  sulphates,  and  phosphates. 

We  can  show  by  means  of  water-cultures,  that  these  salts, 
with  water  and  the  carbon  dioxide  of  the  air,  form  the 
necessary  food  of  plants.  The  following  expcnment  may  be 
made.  Place  some  maize,  peas  or  beans  to  sprout  in  clear 
damp  sawdust ; when  their  roots  have  sufficiently  developcd, 
i.e.  when  they  have  attained  a length  ot  from  3 to  4 cm., 
clean  them  carefully,  and  transfer  them  to  a cy  Inder  contain- 
ing  a food  solution,  putting  the  root  of  thc  plant  through  1 

1 A centimetre  is  a little  more  than  a third  (0-39)  ol  an  incli.  A 
litrei*  i|  of  an  imperial  pint,  or  35  ozs. 
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; ble  borcd  in  the  cork.  The  solution  is  prepared  by  dissolving 
te  following  salts  in  a litre  of  distilled  water  : — 

Potassium  nitrate,  i gm. 

Calcium  sulphate, 

Magnesium  sulphate, 

Calcium  phosphate,  \ „ 

; is  as  well  to  cover  the  cylinder  with  pasteboard  or  black 
ipcr,  in  order  that  no  Algse  may  grow  on  the  glass;  if  it 
then  placed  in  the  sunlight  the  plant  will  thrive  very  well, 
id  afier  a time  will  acquire  yellowish  leaves.  A slight 
Idition  of  a solution  containing  any  salt  of  iron  causes  the 
raves  to  assume  their  normal  colour. 

Some  plants  diffcr  from  others  in  the  substances  which 
icy  need.  If  the  soil  does  not  contain  the  salts  required 
ie  plant  will  not  thrive  ; this  fact  explains  to  a great  extent 
te  distribution  of  plants.  For  example,  some  need  salt,  and 
ourish  best  on  the  seashore,  or  in  the  neighbourhood  of  salt- 
its. 

(b)  The  organs  and  process  of  nutrition,  and 
he  absorption  of  food.  The  method  by  which  plants 
ike  up  nourishment  must  at  first  appear  puzzling  to  the 
tudent,  for  they  possess  no  openings  correspondi-g  to  the 
rouths  of  animals.  We  must  examine  into  the  naturc  of 
he  organs  which  the  plant  cxtends  into  the  air,  or  scnds 
iown  into  the  damp  earth.  These  organs  are  the  leaves  and 
oots,  and  in  them  are  found  the  means  by  which  food  is 
aken  up.  The  leaves,  as  we  have  already  seen,  possess 
ninute  openings  or  Stomata,  through  which  air  and  carbon  di- 
ixide  enter  the  leaf.  At  the  tips  of  the  roots  there  are  very 
lelicate  cclls,  known  to  us  already  as  root-hairs,  which, 
vithout  possessing  any  opening,  are  capable  of  absorbing 
vater  from  the  soil.  It  is  a remarkablc  fact  that  this  process 
>ocs  on  even  when  the  soil  appears  to  us  perfectly  dry.  These 
ine  hairs  are  in  the  closcst  connection  with  the  particles  of 
oil ; this  is  illustrated  by  the  fact  that  the  roots  of  a young 
>lant  pulled  up  out  of  the  ground,  appear  as  if  covered  by  a 
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mantle  of  earth.  According  to  the  laws  of  diffusion  water 
containing  salts  in  solution  is  capable  of  penetrating  through 
an  animal  or  vegetable  membrane. 

Water  is  taken  up  by  the  roots  alone,  but  it  is  also  needed 
in  the  leaves  and  growing  points,  which  are  high  up  on  the 
plant  and  exposed  to  the  light.  The  conduction  of  water 
therefore  becomes  a question  of  great  importance.  Fhe 
channels  for  the  passage  of  water  and  other  substances  are 
supplied  by  the  vascular  bundles,  the  woody  cell-walls  of 
which  possess  the  peculiar  property  of  allowing  water  to  pass 
quickly  up  them.  1 he  remaining  tissues  are  also  of  use  in 
conducting  water,  but  not  to  such  an  extent  as  the  woodyj 
cells.  The  question  of  the  tissue  concerned  in  the  conduction 
of  water  is  not  yet  fully  understood,  but  the  above  explanation 
is  the  one  most  usually  given.  The  second  question,  i.  e.  the 
force  by  which  water  is  raised  in  the  plant,  is  also  not  definitely 
solved.  It  has  been  ascribed  to  capillary  force,  but  although 
the  small  vessels  certainly  act  as  capillary  tubes,  the  water 
passes  to  a greater  extent  up  the  walls.  We  know  that  root- 
hairs  suck  up  water  with  such  force  that  it  is  driven  upwards, 
and  will  exude  if  a cut  is  made  in  the  stem.  Th»  pheno- 
menon  is  spoken  of  as  bleeding  (vine),  and  the  force  which 
causcs  it  is  called  root-pressure.  The  upward  movement  ol 
water  in  the  stem  is  not,  however,  fully  explained  by  root- 
pressure,  since  this  force  is  not  capable  of  raising  it  to  sc 
great  a height.  The  movement  scems  rather  to  be  the  resuli 

of  many  forces  working  together.  . 

Transpiration,  or  the  giving  off  of  watery  vapour,  is  anothei 
process  closely  connected  with  that  of  the  conduction  ol 
water.  Leaves  are  continually  transpiring  from  their  uppei 
surfaces.  This  may  easily  be  observed  if  a leafy  plant  u 
placed  with  its  leaves  touching  the  glass  of  a Window  whict 
is  colder  on  the  outside.  The  result  of  transp.rat.on  is  tha 
the  Solutions  of  the  various  salts  in  the  plant-cells  becomi 
more  concentrated.  Since  there  is  an  endeavour  among  th< 
neighbouring  cells  to  rcstore  equilibrium  in  the  degree  o 
concentration  in  their  cell-sap,  it  follows  that  a movemen 
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of  water  must  take  place  from  cell  to  cell,  and  this  finally 
induces  the  absorption  of  water  by  the  roots  of  the  plant.  A 
condition  of  complete  equilibrium  is  nevcr  attained,  as  water 
is  continually  being  given  off  by  transpiration.  It  may  never- 
theless  be  considered  one  of  the  chief  causes  of  the  upward 
movement  of  water  in  the  plant. 

We  have  observed  that  in  the  ground  parenchyma  of  the 
leaf  two  different  kinds  of  tissue  can  be  recognised,  palisade 
and  spongy  parenchyma.  The  palisade  parenchyma  is  the 
tissue  by  which  food  is  taken  in,  the  spongy  parenchyma  is  a 
transpiration  tissue,  containing  a System  of  air  passages,  and 
placed  in  close  connection  with  the  respiratory  cavities  or 
spaces  below  the  stomata.  The  lattcr  do  not  lie  above  the 
palisade  parenchyma,  but  on  the  side  adjoining  the  spongy 
parenchyma.  After  this  explanation  the  mechanism  will  be 
easily  understood.  If  the  intercellular  spaces  of  the  spongy 
parenchyma  are  filled  with  watery  vapour,  it  passes  out  through 
the  open  stomata  ; the  stomata  close,  on  the  othcr  hand,  if 
there  is  no  superfluity  of  watery  vapour.  Thus  transpiration 
and  root-pressure  aid  each  other  in  promoting  the  ascending 
stream  of  water  containing  salts  in  solution.  At  certain 
times  root-pressure  must  alone  suffice  to  induce  the  move- 
ment ; this  is  the  case  in  Spring,  when  there  are  present  no 
transpiring  Organs  in  the  shape  of  leaves.  At  such  a time 
the  stream  of  sap  is  known  to  be  especially  strong.  The 
water  taken  up  by  the  plant  is  partly  nutritive  and  partly 
water  of  coostitution,  but  to  a much  grcater  extent  it  is  the 
means  of  carrying  the  salts  which  the  plant  must  necessarily 
take  out  of  the  ground.  These  salts  could  not  otherwise  be 
obtained  in  sufficient  quantities. 

Many  other  phcnomena  of  great  interest  are  closely 
connected  with  transpiration.  It  has,  for  example,  been  shown 
in  this  account  of  the  internal  structure  of  plants,  that  the  path 
of  the  upward  stream  of  water  is  laterally  protected.  This 
is  effected  either  by  the  cuticularisation  of  the  outer  epidermis, 
by  cork  cell«,  by  a covering  of  wax,  or  by  the  position  of  the 
guard-cell»  of  the  stomata  in  a deep  hollow.  A very  interest- 
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ing  subject  of  study  is  to  be  found  in  the  methods  for  guarding 
against  excessive  transpiration.  A few  examples  will  cnable 
us  to  realise  this.  We  might  mention  the  hairy  covering  of 
niany  leaves,  especially  of  plants  hving  in  dry  localities,  as 
steppes  and  descrts.  Another  example  is  that  of  succulent  or 
fleshy  plants,  in  which  are  seen  beautiful  arrangements  for  the 
storage  of  water,  and  for  the  prevention  of  excessive  tran- 
spiration. In  the  switch-plants,  a remarkable  reduction  of 
leaf  surface  is  seen  in  the  green,  switch-like  twigs,  assimilation 
being  carried  on  by  the  stem  itself , as  in  brooni  and  Spartium 
Scoparium. 

The  position  of  the  leaves  with  regard  to  transpiration  also  j 
affords  an  interesting  study.  In  some  plants  the  leaves  place  | 
themselves  parallel  to  the  rays  of  light,  thus  prevcnting 
excessive  transpiration  ; this  may  be  carried  so  far  that  the 
leaves  change  their  position  front  time  to  time,  according  to 
the  needs  of  the  plant. 

The  process  of  the  absorption  of  water  containing  salts  in 
solution  has  been  already  explained  ; it  only  remains  now  to 
spcak  of  the  methods  by  which  other  clements,  especially 
nitrogen  and  carbon,  are  taken  up.  Nitrogen  is  taken  into  the 
plant  chiefly  in  the  form  of  nitrates  dissolved  in  water.  It 
appears  stränge  that  free  nitrogen  is  rejccted  by  plants,  although 
it  is  present  in  considerable  quantity  in  the  air.  It  has  been 
known  for  some  time  that  leguminous  plants  will  prosper 
on  a soil  which  is  free  from  nitrates.  It  is  only  of  late 
years  that  it  has  been  observed  that  this  obvious  capacity  for 
using  the  atmospheric  nitrogen,  has  its  foundation  in  a stränge 
partnership  between  bacteria  and  these  plants.  Leguminous 
plants  have  little  tubercles  on  their  roots,  and  these  are  filled 
with  a parenchymatous  tissuc  which  contains  innumerable 
bacteria.  It  is  now  assumed  that  these  creatures  m some  way 

absorb  nitrogen  from  the  air.  , . , . 

The  carbon  which  is  needed  by  plants  is  obtained  only 
from  the  air,  in  which  it  is  present  in  a small  proportion  in 
the  form  of  carbon  dioxide,  the  quantity  being  continually 
incrcased  by  the  breath  of  animal#» 
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If  we  wish  to  inquire  still  further  into  the  process  of 
nutrition  in  plant»,  the  following  experiment  will  be  very 
instructive.  When  a water-plant  is  placed  in  water  containing 
c3rbon  dioxide,  and  exposed  to  the  sun,  little  bubbles  of  gas 
jare  seen  to  rise  from  the  plant,  especially  if  the  stem  be  cut. 
(On  a closer  inspection,  these  bubbles  are  found  to  consist  of 
oxygen.  By  a suitable  experiment  the  same  fact  may  be 
observed  in  land  plants.  Plants  therefore  lake  in  carbon 
dioxide  and  give  oft  oxygen. 

From  many  experiments  which  have  been  made,  it  follows 
that  this  process  is  only  possible  in  green  plants,  and  that 
in  others,  like  mushrooms,  carbon  is  obtained  in  a different 
way. 

Assimilation  cannot  therefore  be  carried  on  without 
Chlorophyll,  but  Chlorophyll  alone  is  not  sulficient.  In  order 
to  make  assimilation  possible,  the  aid  of  a more  powerful 
factor  is  needed,  i.  e.  light.  Numerous  observations  point  to 
the  fact  that  light  exercises  a great  intluence  on  assimilation, 
so  that  a plant  which  is  deprived  of  it  becomes  sickly,  and 
finally  dies.  Light  inHuences  both  the  formation  and  the 
activity  of  Chlorophyll.  If  plants  are  allowed  to  grow  in  a 
cellar  they  remain  yellowish,  and  form  long  thin  shoots.  In 
this  condition  they  are  said  to  be  “ etiolated.” 

The  cjuestion  of  the  method  by  which  assimilation  is  carried 
on  in  the  cell  is  also  of  great  importance.  It  is  not  yet  fully 
understood,  but  we  know  that  the  process  consists  in  the 
decomposition  of  carbon  dioxide  and  water,  oxygen  being 
given  oft'  at  the  same  time.  It  is  more  difhcult  to  discover 
the  next  stage.  We  only  know  that  starch  is  one  of  the  (irst 
products  of  assimilation,  as  the  microscopc  reveals  small  starch- 
grains  in  the  Chlorophyll  corpuscles.  Starch  may  also  be 
recognised  by  a simple  experiment ; it  has  the  property  of 
turning  blue  when  touched  with  a solution  of  iodine.  A leaf 
which  is  still  growing  should  be  partly  covered  with  tinfoil, 
and  after  a few  hours  plucked  from  the  stalk.  It  should  be 
placed  first  in  boiling  water  and  then  in  hot  alcohol.  These 
two  liquids'  will  dissolve  many  substances,  especially  chloro 
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phy  11,  so  that  it  becomes  colourless ; the  starch,  however, 
remains  undissolvcd.  The  leaf  should  now  be  laid  in  a solution 
of  iodine ; it  then  becomes  blue  in  the  places  which  were 
not  covered  with  the  tinfoil,  showing  that  starch  has  been 
formed  in  the  parts  exposed  to  the  light,  but  not  in  the 
covered  parts. 

With  regard  to  the  question  of  the  use  of  salts  in  the 
nutrition  of  the  plant,  it  is  found  that  the  salts  of  iron  aie 
necessary  for  the  formation  of  Chlorophyll,  and  that  salts  of 
potassium  and  magnesium  play  a part  in  the  formation  of 
proteids.  Sulphates,  phosphates  and  nitrates  convey'sulphur, 
phosphorus  and  nitrogen  into  the  plant,  these  bcing  also 
needed  for  the  formation  of  proteids.  The  use  of  potassium 
is  not  very  clear  ; apparently  it  is  of  Service  to  combine  with 
the  poisonous  oxalic  acid  evolved  during  assimilation,  forming 
crystals  of  calcium  oxalate.  This  being  poisonous  to  animals, 
the  plant  is  provided  with  a protection  against  them. 

(c)  Metabolism.  Even  if  starch  be  not  the  first  product 
formed  in  the  assimilating  cells,  it  may  yet  be  regarded  as 
the  basis  of  almost  all  the  other  substances  found  in  plants. 
The  most  important  are  sugar  and  cellulose,  wlnch  with  starch 
are  known  as  “ carbohydratcs.”  Since  these  substances  h;ne 
the  same,  or  rather,  a similar  Chemical  composition  to  starch, 
it  is  easy  to  understand  that  they  may  arisc  from  it.  1 here 
is  a similar  connection  between  the  various  fatty  compound«, 
while  the  albuminous  substances  or  proteids  also  resemble  one 
another.  Of  these  proteids  asparagin  is  an  important  con- 
stituent.  The  three  groups,  carbohydrates,  fats  and  albu- 
minous substances,  suflice  for  the  formation  of  all  the  organs 
of  the  plant,  as  is  shown  by  their  presence  in  places  where 
reserve  materials  are  stored.  The  products  of  assimilation 
pass  into  the  parts  of  the  plant  where  active  growth  is  taking 
place,  and  chiefly  to  the  growing  points  and  to  the  fruit  where 
thev  are  stored.  Later  in  the  year,  however,  less  fresh  tissue 
is  formed,  with  the  result  that  as  the  activity  ol  assimilation 
continues,  substances  arise  which  cannot  at  once  be  utilised  ; 
these  collect  in  various  rcceptacles  as  “ reserve  material. 
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The  substances  thus  stored  remain  in  a passive  condition, 
find  are  often  insoluble  in  the  cell  sap.  When  the  time  comes 
! or  them  to  be  converted  into  constructive  material  and  it  is 
aecessary  for  them  to  pass  to  growing  parts,  they  must  undergo 
ransformation  into  an  active  condition.  1 his  change  is 
orought  about  by  means  of  ferments,  small  quantities  of  which 
;are  able  to  convert  large  quantities  of  reserve  material. 
iDiastase,  the  ferment  which  changes  starch  into  sugar  in 
jerminating  barley,  is  one  of  the  most  important.  Among 
hhe  ferments  which  have  the  power  of  dissolving  albumen 
iwe  must  include  those  which  etfect  the  digestion  of  organic 
iood  in  insectivorous  plants.  Since  the  insoluble  reserve 
naterials  may  bc  either  carbohydrates,  fats  or  proteids,  there 
-must  be  three  different  kinds  of  ferments,  according  to  the 
^kind  of  reserve  material  which  is  to  be  dissolved. 

The  sieve  tubes  form  the  channels  along  which  the  proteids 
ire  conveyed,  while  the  carbohydrates  pass  along  the  bast 
parenchyma.  It  is  obvious  that  the  force  which  induces  the 
movement  emanates  from  places  whcre  active  growth  is  going 
on,  and  where  niuch  material  is  being  used. 

The  methods  by  which  various  other  substances  are  formed 
from  the  first  producta  of  assimilation,  are  still  obscure. 
These  substances  may  be  glucosides,  vegetable  acids,  alkaloids 
.and  ethereal  oils. 

The  important  processes  we  have  just  discussed  form  the 
foundation  for  the  whole  of  plant-life,  and  may  be  included 
under  the  term  “ metabolism.” 

It  must  be  borne  in  mind  that  assimilation  can  only  take 
place  in  those  plants  which  contain  Chlorophyll.  In  the 
widespread  groups  of  parasites  and  saprophytes,  and  to  somc 
extent  in  insectivorous  plants,  Chlorophyll  may  be  partially  or 
entirely  absent.  In  the  former  case  assimilation  is  carried  on 
to  a certain  extent  in  addition  to  the  other  means  of  nutrition 
which  they  possess.  In  the  latter  case  the  plant  does  not 
obtain  the  necessary  carbon  or  nitrogen  in  the  form  of  salts, 
but  by  absorbing  organic  materials  from  its  surroundings, 
whether  frohi  putrefying  or  living  organisms. 
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(<7)  Respiration.  The  above  account  has  not  yet  ex- 
hausted  all  the  processes  of  plant  nutrition.  For  the  main- 
tenance  of  the  living  movements  in  plants  a certain  Stimulus 
is  necessary,  and  this  is  obtained  from  a process  which,  though 
of  less  importance  than  in  animals,  is  still  also  a necessity  for 
plants.  This  is  known  as  respiration,  by  which  is  understood 
the  taking  in  of  oxygen,  and  the  giving  out  of  carbon  di- 
oxide.  1t  is  thus  exactly  the  opposite  to  assimilation. 
While  the  latter  is  a process  of  reduction,  in  which  oxygen  is 
set  free,  the  former  is  a process  of  combustion  or  oxidation. 
The  oxygen  laken  in  bums  part  of  the  organic  matter '(chietly 
carbohydrates)  in  the  tissucs  of  the  plant.  At  the  same  time,  j 
carbon  dioxide  is  formed  and  is  breathed  out  by  the  plant  I 
as  it  is  by  animals. 

The  significance  of  this  process  is  clear  ; combustion  is 
always  connected  with  a diminution  of  matter.  This  entails, 
however,  a disturbance  of  the  internal  Chemical  equilibrium  of 
the  plant.  The  endeavour  to  restore  this  equilibrium  is  a 
Stimulus  for  the  formation  of  fresh  organic  material,  and  is 
thus  a powerful  factor  in  the  life  of  the  plant.  If  respiration 
does  not  take  place,  assimilation  ceases,  and  the  plant  gradually 
dies. 

Since  respiration  and  assimilation  are  exactly  opposite 
processes,  it  is  obvious  that  there  must  be  also  a ditference  in 
the  conditions  under  which  they  occur.  As  a matter  of  fact 
respiration  is  most  easily  detected  in  the  dark,  although  it  goes 
on  even  more  actively  in  the  light.  In  day light  assimilation 
takes  place  to  such  an  extent  that  growth  is  more  active  than 
combustion,  and  respiration  is  obscured  On  the  other  hand, 
tissues  which  contain  no  Chlorophyll,  as  flowers,  buds,  and 
germinating  seeds,  carry  on  respiration  without  assimilation. 
The  respiration  of  parasites,  etc.,  needs  special  consideration, 
as  it  completely  corresponds  from  a physiological  stand point 
with  that  of  animals. 

It  is  a matter  of  daily  experience  that  every  case  of  com- 
bustion is  connected  with  an  evolution  of  heat.  Tn  the  com- 
bustion of  organic  matter  in  the  bodies  of  animals  it  is  well 
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known  that  heat  is  set  free;  it  is,  however,  less  easily  per- 
iceived  in  plants.  The  heat  which  is  generated  is  quickly 
transmitted  to  the  water  contained  in  the  tissues,  and  the 
large  surface  of  the  plant  body  öfters  many  opportumties  or 
•the  loss  of  heat  by  radiation.  Nevertheless,  by  means  of  suitable 
Experiments,  an  evolution  of  heat  may  be  proved  in  parts  ot 
plants  which  are  actively  breathing;  this  is  special  ly  \vell  shown 
in  gcrminating  seeds  and  opcning  flower-buds.  I he  dcgrec 
of  heat  evolved  is  generally  low,  but  in  the  spadix  ot  the  Italian 
arum  a temperature  of  from  40’  to  44’  Celsius  bas  been  ob- 
served,  which  even  excceds  that  ot  human  blood.  We  must 
mention  in  this  connection  the  stränge  phenomenon  shown  by 
many  Alpine  plants  at  the  border  of  snow-fields,  as,  for  example, 
Soldanella.  These  plants  bore  a hole  through  the  snow  by 
means  of  their  flowers,  the  heat  evolved  by  the  developing 
flower-buds  bringing  the  snow  to  melting-point. 

In  conclusion,  we  may  add  that  the  phosphorescent  light 
shown  by  many  fungi  may  be  ascribed  to  respiration,  light 
being  evolved  instead  ot  heat.  In  the  case  of  phosphorescent 
wood  the  light  is  not  givcn  out  by  the  wood  itself,  but  by  the 
i fungi  which  flourish  in  its  tissues. 

2.  Growth.  Growth  is  the  immediate  result  of  nutrition. 
The  störe  of  constructive  material  produced  by  excessive 
assimilation  does  not  only  compensate  for  that  part  ot  the  plant- 
body  which  is  consumed  in  the  process  of  respiration  ; a large 
quantity  remains  over,  and  this,  especially  in  the  period  ot 
active  growth,  is  used  for  the  formation  of  fresh  tissue.  Thus 
an  increase  in  size  and  change  of  form  is  brought  about ; this 
is  called  growth. 

livery  increase  in  the  size  ot  the  body  of  the  plant  cannot, 
however,  be  designated  as  growth  ; this  name  is  only  applied 
when  the  change  is  permanent.  Many  dried  plants,  as  Algx, 
swell  up  when  placed  in  water.  Tt  is  obvious  that  this  change 
is  not  due  to  growth,  as  if  the  water  is  allowed  to  dry  up  the 
plant  will  shrink  like  a sponge,  and  assume  its  original  shape 
and  size. 

Growth-  naturally  depends  largely  on  nutrition;  it  is 


9o 


PLANT  LIFE 


affected  also  by  light  and  warnith,  as  well  as  by  gravitation 
and  other  mechanical  f'orces.  New  organs  arise  at  the  grow- 
ing-points,  and  after  remaining  quiescent  for  a time  in  the 
embryonic  condition,  they  elongate  in  order  to  attain  tbeir  final 
form  and  size,  while  at  the  same  time  internal  changes  occur. 
This  process  is  continually  repeated  in  the  growing  axes, 
until  the  end  of  the  vegetative  period  causes  it  to  cease. 
The  embryonic  stage  of  growth  is  distinguished  by  the  con- 
tinuous  formation  of  new  cells,  through  the  division  of  the 
cells  of  the  growing-point.  There  is  not,  however,  any  visible 
increase  in  size.  The  second  stage,  i.e.  that  of  elongation,  is 
chiefly  distinguished  by  the  growth  in  length  of  the  existing 
cells  and  therefore  that  of  the  whole  organ ; in  the  third 
stage,  the  cells  undergo  further  internal  development.  This 
is  seen  in  the  thickening  of  the  cell  wall,  and  in  other  ways. 
In  the  growing  stem,  these  three  stages  pass  gradually  into 
one  anothcr.  It  is  in  the  second  stage  that  true  growth 

takes  place.  . 

In  most  cases  growth  isclosely  connected  with  cell-division, 
but  it  is  doubtful  if  this  is  the  primary  cause.  It  obviously 
depends  on  the  direction  of  the  cell-divisions.  If  these  take 
place  only  in  one  direction,  the  product  is  a thread-like  organ; 
if  in  two  directions,  a flat  surface  arises,  and  if  in  three 
directions  the  result  is  a cubical  body.  All  these  conditions 
occur,  both  in  the  whole  plant  (Algx  and  Fungi)  as  well  as 
in  separate  organs ; in  the  higher  plants,  the  third  occurs  the 
most  frequent! y.  The  cell-divisions  at  the  growing-point 
follow  certain  definite  laws. 

In  cell-division  it  is  a general  law  that  the  new  walls 
should  be  perpendicular  to  the  old  ones ; thus  the  growing- 
point  always  assumcs  a peculiar  form,  having  lines  which  are 
parallel  to  the  surface  (periclinal  lines),  and  others  which  are 
perpendicular  to  it  (anticlinal  lines). 

The  question  of  the  influcnce  of  internal  and  external 
forces  on  the  form  of  the  growing  plant  is  of  paramount 

lmjwrtance.  be  borne  in  mind  that  there  are  internal  forces 
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anknown  to  us  which  co-operate  with  external  forces  in  the 
orocesses  of  growth.  These  external  forces  operate  on  all 
olants  in  the  same  way,  but  with  different  effects ; the  differ- 
»nces  must  be  therefore  due  to  the  special  peculiarities  ot 
dants.  It  is  owing  to  internal  forces  in  the  plant  that  the 
-oots  arise  on  the  part  directed  downward,  and  the  shoots  on 
:he  part  directed  upward.  The  same  result  is  sometimcs 
nttained  by  two  different  forces.  The  force  of  gravity  causes 
the  roots  to  turn  downward,  and  the  shoots  and  leaves  to 
cgrow  upward;  further,  we  know  that  light  has  the  same  ten- 
Mency,  roots  forming  on  the  side  turned  away  from  the  light, 
;and  shoots  and  leaves  on  the  side  exposed  to  the  light.  If  a 
•plant  creeps  on  the  ground,  as  is  specially  the  case  in  low 
plants,  as  mosses,  roots  arise  on  the  lower  surface  and  leaves 
on  the  upper  surface.  Since  both  the  forces  of  gravitation 
and  of  light  have  this  effect  (as  may  be  demonstrated  by 
•special  experiments),  the  diffcrences  which  thus  arise  must  be 
traccd  back  to  internal  causes,  which  are  not  yet  understood. 

It  is  important  to  form  an  idea  of  the  relationship  betwcen 
the  internal  and  external  causes  of  growth.  The  peculiar  cause 
of  so  many  specific  kinds  of  growth  is  supplied  by  the  internal 
Constitution  of  the  energids  of  the  protoplasm,  which  must  in 
consequence  be  specifically  different.  The  external  causes  of 
growth  are  really  Stimuli,  which  either  sct  in  motion  (e.g. 
nutrition,  water,  warmth),  or  regulate  (e.g.  gravity,  light) 
the  processes  on  which  the  life  of  the  plant  depends.  This 
may  be  illustrated  by  an  example.  A bud  only  grows  and 
unfolds  when  the  energids  in  the  cells  of  its  young  leaves 
and  growing-point  are  still  living,  and  when  some  external 
agency  awakes  it  from  its  dormant  condition.  This  is  effected 
by  the  heat  rays  of  the  sun  in  spring,  and  by  the  renewed 
movement  of  the  food  materials.  The  direction  of  the 
reviving  growth  is  regulated  by  the  force  of  gravitation  and 
light;  for  example,  the  young  leaves  spread  out  towards 
the  sun. 

We  must  now  refer  to  the  promotion  of  growth  by  means 
of  external  Stimuli.  It  is  obvious  that  the  plant  is  influenced 
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by  its  food  materials,  and  that  it  cannot  live  without  them. 

It  also  possesses  a power  of  selection  with  regard  to  them, 
and  this  we  must  trace  back  to  the  specific  Constitution  of  the 
energids. 

The  force  of  gravity  produces  the  following  results  on  the 
growing  organs  of  the  plant  (which  need  not  be  in  the 
embryonic  condition)  : the  root  grows  in  the  direction  of  the 
force,  and  is  said  to  be  positively  geotropic  ; the  stem  grows  in 
the  opposite  direction,  and  is  said  to  be  negatively  geotropic. 

If  a shoot  which  is  undergoing  elongation  is  placed  in  a 
horizontal  position,  it  curves  upwards.  (This  of  course  cannot 
occur  if  the  cells  are  already  lignified. ) Äs  an  increase  of  water  I 
in  the  cells  of  the  lower  or  convex  side  of  the  shoot  can  be 
proved,  this  fact  has  been  connected  with  the  cause  of  the  cur- 
vature.  It  is  found  that  the  nodes  of  the  haulms  of  grasses  j 
preserve  their  geotropic  propcrties  for  a long  time.  II  an  adult 
grass-haulm  is  placed  horizontally,  it  begins  to  curve  at  the 
nodes ; the  side  turned  towards  the  ground  elongates,  and  the 
upper  side  becomes  shorter,  it  is  therefore  possible  for  the 
grass  to  regain  its  upright  position.  A proof  of  the  connection 
between  the  force  of  gravity  and  growth  is  atforded  by  the 
following  experiment.  If  seeds  are  allowed  to  gcrminate  on 
the  revolving  wheel  of  a centrifugal  machine,  the  roots  will 
grow  outwards  towards  the  rim  of  the  wheel,  and  the  shoots 
inwards  towards  the  axle. 

The  effect  of  light  on  the  parts  of  a plant  which  are  under- 
going elongation  is  plainly  shown  in  the  well-known  experi- 
ment of  growing  plants  in  the  dark.  The  shoots  become 
very  long  and  thin,  the  blades  of  the  leaves,  on  the  other  hand, 
become  much  smaller,  and  the  formation  of  Chlorophyll  is 
stopped,  with  the  result  that  assimilation  cannot  take  place. 
Plants  grown  in  the  dark  are  said  to  be  “etiolatcd.” 

The  experiment  shows  that  light  retards  growth,  while 
the  absence  of  light  promotes  growth  in  length.  Shoots 
which  are  exposed  to  the  light  on  one  side  only,  exhibit  the 
same  peculiarity.  The  shaded  side  undergoes  rapid  elongation, 
while  the  side  exposed  to  the  light  grows  more  slowly ; the 
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'hoot  thus  curves  towards  the  light.  1 his  is  known  as 
Kjsitive  heliotropism.  Negative  hcliotropism  also  occurs ; it 
s seen  in  many  tendrils  (as  those  of  the  vine)  which  curve 
cowards  the  shaded  side.  ^ 

The  growth  of  plants  is  also  influenced  by  warmth.  Growth 
;,eases  within  certain  limits  of  temperature  which  are  peculiar 
o each  plant.  Fhis  is  seen  in  the  cessation  of  activity  in 
he  plant-world  at  the  return  of  the  cold  season.  Within 
hese  limits  the  energy  of  growth  rises  to  a certain  point,  and 
hen  decreases  again  as  the  temperature  is  raised,  until  it 
-eaches  a point  at  which  all  growth  is  stopped.  These 
ooints  are  called  the  minimum,  Optimum,  and  maximum  of 
he  energy  of  growth.  Water  has  an  important  influence 
an  growth.  The  cells  of  the  growing-point  are  filled 
with  protoplasm ; the  larger  the  cells  become  in  the  second 
or  elongating  region,  the  more  water  they  contain.  The 
water  is  attractcd  by  organic  acids  and  salts  of  potassium ; 
it  filters  through  the  cell-wall,  but  is  retained  by  the  pri- 
mordial utricle,  and  thus  the  walls  tcnd  to  become  stretched. 
Tfhis  condition  of  the  cell  is  known  as  “ turgidity.”  The 
Stretching  of  the  cell-wall,  which  is  due  to  turgidity,  is  one 
of  the  most  important  causcs  of  the  elongation  of  an  organ. 

The  extension  of  the  tissues  is  the  rcsult  of  the  changes 
induced  by  growth,  turgidity  and  imbibition.  If  a cell  has 
taken  up  much  water,  so  that  its  wall  becomes  turgid,  the 
shoot  will  be  mechanically  strcngthened.  The  pith  shows 
marked  turgidity  ; all  the  internal  tissues  possess  it  to  a grcater 
extent  than  the  externa).  For  example,  if  a split  flower-stalk 
of  dandelion  is  laid  in  water,  it  will  become  strongly  curved, 
because  the  inner  surface  elongates  owing  to  turgidity.  Imbib- 
ition is  one  of  the  most  remarkable  properties  of  the  epidermis. 
’By  it  is  understood  the  capacity  for  taking  up  molccules  of 
water  between  the  molecules  of  the  epidermis,  thus  often 
causing  the  latter  to  swell  with  great  force.  An  example 
of  this  is  a swelling  seed.  Even  dead  cells  have  the  power 
of  imbibition,  as  may  be  seen  by  soaking  a piece  of  dry  wood 
in  water. 


94 


PLANT  LIFE 


The  tendency  of  the  pith  is  to  elongate,  while  the  wood 
and  bark  contract ; they  thus  counteract  one  another. 
Elongation  increases  as  the  internodes  become  older,  and 
then  ceases.  We  may  mention  as  a cause  of  elongation, 
that  the  pith  grows  more  quickly  than  the  cortex  and  wood. 
The  result  of  imbibition  taking  place  more  quickly  in  the 
pith  is  that  it  displays  a greater  amount  of  turgidity.  A 
cross-strain  is  thus  produced.  II  the  cortex  is  removed 
from  the  wood,  it  cannot  be  replaced  so  as  to  completely 
surround  it.  The  wood  also  has  a tendency  to  Stretch  but  is 
prevented  by  the  opposite  tension  of  the  cortex.  It  is  obvious 
that  growth  in  thickness  combines  with  turgidity  and  imbib- 
ition to  bring  about  this  result.  The  delicate  cells  of  the 
cambium  are  not  intluenced,  as  might  be  supposed,  by  the 
pressure  from  within  and  without.  This  is  due  to  the  turgid  j 
condition  which  is  characteristic  of  these  cells. 

3.  Movcments  in  response  to  Stimulus.  Eite 
is  the  result  of  equilibrium  between  an  organ  and  its  surround- 
ings.  The  surroundings  opcrate  on  the  organism  in  the  form 
of  certain  Stimuli,  and  the  organism  responds  in  a definite 
way.  This  response  usually  takes  the  torm  of  movement, 
although  every  movement  must  not  be  regarded  as  a response 
to  Stimulus.  Many  plants,  as  Algar,  lichens,  or  the  well- 
known  rose  of  Jericho,  when  dried  and  placed  in  watci, 
undergo  a change  in  volume  owing  to  imbibition  ot  water, 
and  in  consequence  of  this  movement  takes  place.  This  is  a 
purely  physical  phenomenon,  being  a mechanical  movement 
and  not  a response  to  Stimulus.  On  the  other  hand,  we  saw 
that  in  a seedling  the  forces  of  gravity,  light  and  moisture, 
exercise  so  poweiful  a Stimulus,  that  the  root  grows  down- 
ward  and  the  stem  upward.  The  only  explanation  which 
can  be  given  of  the  varied  kinds  of  response  to  the  same 
Stimulus  is  that  life  plays  a special  part  in  this  case;  no 
explanation  is  offered  by  physical  laws.  It  is  therefotc  un- 
reasonable  to  maintain  that  the  phenomena  of  life  can  have  a 
mechanical  explanation.  If  the  idea  ol  a vital  force,  that 
is,  a special  power  operating  in  the  organism,  is  rehnquished, 
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we  do  not  by  that  means  get  any  nearcr  to  an  understanding 
of  the  phenomena  of  life.  Indeed  a recent  investigator, 
Kerner,  declares  that  he  does  “ not  hesitate  again  to  designate 
as  vital  force  this  natural  agency,  not  to  be  identified  with 
any  other,  whose  peculiar  effects  we  call  life.” 

Protoplasm  is  the  basis  of  life ; in  fact,  all  movements  in 
response  to  Stimulus  arise  either  directly  or  indirectly  front 
it.  Dead  cells,  i.  c.  those  which  are  devoid  of  protoplasm, 
do  not  respond  to  Stimulus,  although  free  protoplasm  shows 
such  movements.  This  can  be  observed  in  the  lower  Algae 
and  Fungi,  in  swarm  spores,  and  also  in  the  living  cells  of 
higher  plants.  The  movements  of  protoplasm  sometimes  take 
place  by  means  of  fine  filaments.  Some  swarm-spores  of 
Algae  and  Fungi  possess  thread-like  organs,  called  flagella  or 
cilia,  the  lashing  movement  of  which  causes  them  to  move 
hither  and  thithcr.  On  the  other  hand,  the  movements  of 
the  protoplasm  may  be  amceboid.  The  lower  Fungi  at  certain 
stages  of  their  life  resemble  the  Antcebx,  which  are  the  lowest 
of  the  Rhizopoda.  They  possess  the  power  of  putting  out 
pseudopodia,  or  portions  of  protoplasm,  after  which  the  rest 
of  the  protoplasm  flows.  The  Streaming  movement  in  the 
energids  contained  in  the  cells  has  already  been  mentioned. 

Movements  can  occur  either  in  growing  organs,  or  in  those 
which  have  ceased  to  grow.  If  some  external  cause  can  be 
observed  in  the  movements  of  growing  organs,  these  move- 
ments are  said  to  be  in  response  to  a Stimulus,  if  this  is  not 
the  case  they  are  spoken  of  as  movements  of  nutation. 

We  will  treat  first  of  the  former,  and  will  refer  to  what 
we  have  already  said  concerning  geotropism  and  hcliotropism, 
the  phenomena  depending  on  which  are  movements  in  response 
to  Stimuli.  This  point  will  be  made  clearer  by  the  following 
experiment.  If  a bean  is  allowed  to  germinate  in  quicksilver 
the  root  grows  downward,  the  irritability  and  force  of  the 
protoplasm  being  so  great  that  the  root  is  enabled  to  overcome 
the  strong  Opposition  offered  by  the  quicksilver. 

There  are  many  drooping  plants,  and  plants  growing  on 
walls  (as  the  ivy-leaved  toad  flax),  which  are  too  weak  to 
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kecp  upright ; their  shoots  do  not  obey  the  Stimulus  of  the 
force  of  gravity  which  would  raise  them,  and  they  grow 
towards  the  earth.  If  any  twining  plant,  as  the  bean,  is  com- 
pelled  to  grow  downward,  the  elongating  portion  will  curve 
upward.  A heliotropic  phenonienon  is  displayed  at  the  same 
time,  the  leaves  turning  upward,  and  exposing  their  upper 
surfaces  to  the  light.  An  important  example  of  this  kind 
of  movement  is  seen  in  twining  plants.  It  is  obvious  that 
this  is  also  a case  of  growth,  but  the  peculiarity  is  that 
the  zone  of  greatest  growth  lies  ahvays  to  the  outside  and 
progresses  spirally,  giving  a spiral  direction  to  the  whole 
shoot.  If  a twining  plant  is  exposed  to  a continual  slow 
rotation  on  a clinostat  it  will  lose  its  capacity  for  twining. 
Twining  takes  place  upward  along  an  upright  support,  thence 
it  follows  that  the  force  of  gravity  is  a Stimulus,  and  that  the 
twining  depends  on  a special  kind  of  gcotropism. 

Heliotropism  causes  leaves  to  assume  a special  position  ; it 
possible,  they  turn  their  upper  assimilating  surface  towards  the 
light.  At  the  same  time  they  endcavour  to  protect  themselves 
bv  their  position  from  the  direct  rays  of  the  sun.  In  every 
tree  and  bush,  as  for  example  in  the  hazel,  it  can  easily  be  seen 
that  the  twigs  of  horizontal  growth,  as  well  as  the  upright  oncs, 
posscss  horizontally  placed  leaves.  Wall-plants  often  d.splay 
a beautiful  leaf-mosaic,  formed  by  leaves  lying  close  to  one 
another,  but  without  mutual  interfercnce  (as  in  wall  pellitory, 
l?ig.  23).  Many  fruits,  on  the  othcr  band,  turn  away  from 

the  light. 

Among  the  Stimuli  which  induce  movement  we  may 
include  contact  and  rubbing : this  is  shown  in  twining  plants 
fsee  p.  ci).  The  tips  of  these  plants,  as  well  as  the  young 
tendrils,  make  circular  nutations  (see  p.  97).  and  w,ien  a 
tendril  has  found  a support,  whether  it  be  verucal,  sloping,  or 
horizontal,  it  twines  itsclf  round  it,  cnfolding  it  in  many  coils ; 
at  die  same  time  the  part  of  the  tendril  l.hmd  the  pomt  of 
contact  also  curls  up  into  a spiral,  proving  that  the  Stimulus  is 
transmitted.  Warmth,  water,  and  Chemical  substances  may 
also  act  as  Stimuli  and  induce  movement. 
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A second  group  of  movements  duc  to  growth  includes  those 
of  nutation,  that  is  to  say,  curvatures  which  may  be  traced 
.back  to  an  unequal  growth  of  the  upper  and  lower  surfaces 
of  an  organ,  and  in  which  no  special  external  Stimulus  can  be 
detected.  In  this  case  the  capability  of  movement  ceases 
’.with  growth.  A similar  process  takes  place,  showing,  how- 
ever,  periodical  repetition,  when  a leaf  raises  itself,  one  of  its 
ssurfaces  growing  more  quick  ly  in  the  day  than  in  the  night, 


Fig.  so. 


Fig.  st. 


Colchicum  autumnale,  Autumn  crocus. 
Open  flowcr  (in  daytimc). 


The  same  with  closed  flower 
(at  night). 


or  vice  versa;  the  leaves  of  flax  move  upward  at  night, 
because  growth  is  more  rapid  in  the  lower  surface  ; in  some 
spccics  of  Polygonum,  they  move  downward  because  the 
upper  surface  grows  more  quickly  at  night.  A similar  case  is 
that  of  many  flowers  which  open  by  day  and  close  at  night, 
or  the  reverse.  The  autumn  crocus  is  an  example  of  the 
former,  and  the  evening  primrose  of  the  latter.  This  is  often 
due  to  variations  in  the  light,  as  is  the  case  in  the  tulip  and 
scarlet  Pimpernel. 

In  Opposition  to  the  movements  mentioned  above,  those 
which  are  due  to  Variation  do  not  cease  with  the  elongation 
of  the  organ,  but  are  repeated  on  the  application  of  a certain 
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fresh  Stimulus.  To  these  bclong  the  movements  of  the  sen- 
sitive plant  Mimosa  pudica , the  leafiets  of  wliich  sink  down 
if  shaken  ; many  stamens  are  similarly  sensitive  to  touch 
(Compositse,  an  example  of  wliich  is  Sweet  Sultan).  1 he 
movement  is  due  to  loss  of  turgidity  in  the  celis  of  a mass  of 
parenchymatous  tissue  (the  pulvinus),  which  is  always  present 
at  the  base  of  the  petiole,  the  water  passing  into  other  celis 
or  intercellular  spaces.  Movements  of  Variation  are  often  the 


Fig.  52. 


Fig.  53. 


Mimosa  fudica,  sensitive  plant. 
Open  leaT  (resting  position). 


dark,  like  die  leaves  ot  the  wooa-sorrei  auu  i,  *uy  ^ ^ 
Leguminosae  (clover  and  vetch).  Tins  is  called  a slecp- 
movement  (day  and  night  position),  and  lt  is  traced  back  to 
the  tension  due  to  turgidity  in  the  celis  of  the  pulvinus. 

The  above-mentioned  movements  due  to  Stimuli  niay  be 
interfered  with  if  the  external  Stimulus  bc  too  strong.  i he 
over-stimulated  organ  loses  for  a time  the  power  of  move- 
ment, and  remains  in  a condition  of  ngidity.  1 his  may  be 
due  to  cold,  heat,  darkness  or  drought. 

4.  Reproduction.  (*)  Various  methods  of  repro- 
duction.  The  processes  desenbed  hitherto  liave  die  pre- 
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servation  of  the  individual  as  their  chief  object.  This  is  not, 
however,  the  only  aim  in  life  : if  evcry  individual  does  not 
do  its  utmost  for  the  preservation  of  the  species,  all  life  on 
the  earth  would  cease  at  the  death  of  the  existing  organisms. 
The  process  of  reproduction  is  therefore  of  grcater  importancc 
than  any  other  in  the  life  of  the  plant. 

We  will  first  consider  certain  phenomena  which  belong 
rather  to  propagation  than  to  true  reproduction.  Plants  have 
a means  of  propagation  not  possessed  by  animals.  An  animal 
has  a much  more  united  body  than  a plant ; its  organs  are  to 
a ccrtain  cxtent  ruled  by  reason,  and  are  under  the  influencc 
of  a central  organ,  the  nervous  system.  A plant,  on  the 
contrary,  preserves  a greater  amount  of  independence  in  its 
organs ; this  is  shown  above  all  in  the  fact  that  parts  of 
plants  are  capable  of  detaching  themselves  and  forming  new 
individuals  (vegetative  reproduction).  It  is  well  known  that 
a plant  can  be  increased  by  laycrs,  slips,  etc.  If  a shoot  is 
removed  from  a plant  and  placed  in  the  earth,  it  will  form 
an  independent  plant;  the  lower  end  produces  roots,  while 
the  upper  end  continues  to  grow  as  a shoot ; a new  plant  is 
thus  formed.  Many  plants,  as  lJegonias,  can  evcn  reproduce 
themselves  from  a part  of  the  leaf. 

Propagation  by  means  of  runners,  tubers,  bulbs  and  bulbils 
belongs  to  the  same  category.  The  processes  of  budding 
and  grafting  are  entircly  different ; in  this  casc  there  is  no 
increase  in  the  number  of  plants,  their  object  being  artificial 
improvement  alone.  Vegetative  reproduction  often  takes 
place  in  plants  when  sexual  reproduction  is  for  some  reason 
inipossible.  Many  plants  are  propagated  in  this  way  only, 
especially  the  lower  Algre  and  Fungi  (bacteria). 

Reproduction  in  the  stricter  sense  of  the  word  is  a sexual 
process,  that  is  to  say,  the  new  plant  arises  as  the  product  of 
the  Union  of  two  cells  (gametes).  This  process  is  not  similar 
throughout  the  whole  of  the  vegetablc  kingdom  ; it  reaches  a 
higher  stage  of  perfection,  as  plants  bccome  more  highly 
developed.  We  will  consider  the  various  stages.  The 
simplest  case  is  one  in  which  plants  form  two  similar 
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cells  the  contents  of  which  unite,  as  in  many  Algae  and 
Fungi.  If,  on  the  other  hand,  a diff'erence  between  the  cells 
can  be  observed,  they  are  distinguished  as  male  and  female, 
and  the  process  of  their  union  is  called  fertilisation.  1 he 
most  striking  difference  between  the  two  cells  is,  that  the 
female  or  egg-cell  is  motionless,  and  the  male  cell  is  motile. 
Cases  occur  in  which  the  male  cell  is  non-motile,  as  in  the 
Fungus,  which  causes  the  potato  disease,  and  in  the  Florideie 
or  red  sea-weeds.  The  stage  of  resting  egg-cells  and  motile 
male  cells  is  found  in  the  mosses  and  ferns.  In  these  the 
egg— cdl  is  contairied  in  a simple,  more  or  less  flask-shaped 
body  called  the  “ archegonium,”  while  the  male  cells  or 
“ antherozoids  ” are  found  in  club-shapcd  “ antheridia. 
The  antherozoids  are  filamentous  cells  with  lashes  or  cilia, 
which  they  are  able  to  move  when  on  a damp  substratum. 
Since  the  plants  which  bcar  these  organs  are  always  very 
small,  the  antherozoids  are  easily  able  to  reach  the  archego- 
nium in  this  way. 

The  cell  formed  by  the  union  of  two  similar  cells  is  called 
a « zygospore,”  and  this  cell  has  the  power  of  giving  rtse  to  a 
new  plant.  In  the  case  of  an  egg-cell  which  is  fertilised  by 
an  antherozoid,  the  resulting  spore  is  called  an  “oospore. 
In  mosses  the  product  of  fertilisation  is  an  urn-shaped  body 
or  “ sporogonium,”  in  v/hich  the  spores  arise.  By  “ spores 
we  understand  single  reproductive  bodies  consisting  ot  a 
single  cell,  which  are  capable  of  germinating  and  giving  nsc 
to  a new  individual.  In  the  vascular  Cryptogams  the  young 
plant  is  formed  from  the  fertilised  egg-cell  which  is  borne 
on  the  prothallus.  The  spores  arise  later  asexually  in  sporangta 
on  the  leaves.  In  many  cryptogamic  plants  there  are  two 
kinds  of  Bpores  (micro-  and  macrospores),  which  are  contained 
in  two  kinds  of  sporangia  (micro-  and  macrosporangiaj. 

We  have  already  sufficiently  discussed  the  functions  ot  the 
various  parts  of  flowers  in  the  higher  plants  or  Phanerogams. 
In  Order,  however,  to  understand  the  connection  between  them 
and  the  lower  plants,  we  must  observe,  that  the  Phanerogams, 
like  the  higher  vascular  Cryptogams,  possess  macrospores  and 
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microspores,  namely,  the  embryo  sacs  and  pollen  grains.  In 
the  vascular  Cryptogams  prothalli  arise  from  these  spores, 
and  these  bear  the  special  sexual  organs,  the  egg-cells  and 
antherozoids.  In  the  Phanerogams  the  formation  of  the 
prothalli  is  much  reduced.  Even  in  this  case  thcre  arises  in 
the  pollen  grain  a portion  which  represents  the  antherozoid, 
while  the  embryo  sac  contains  an  egg-cell.  In  both  groups 
of  plants  the  process  of  fertilisation  consists  in  the  fusion  of 
the  corresponding  sexual  organs,  and  the  result  of  fertilisation 
is  the  rapid  growth  of  the  egg-cell.  In  the  vascular 
Cryptogams  the  new  plant  is  the  immediate  product  of 
fertilisation,  but  in  the  Phanerogams  the  formation  of  the 
seed  takes  place  first.  The  seed  contains  a miniature  plant, 
which  passes  through  a resting  stage  before  it  begins  to  grow. 
In  both  groups  the  asexual ' spores  arise  later  on  the  adult 
plant  on  specially  formed  organs. 

In  the  Phanerogams  the  process  of  fertilisation  is  brought 
about  in  a special  way,  called  pollination. 

(6)  Pollination.  A pollen  grain  is  a non-motile  male 
spore.  A special  apparatus  is  often  needed  to  convey  the 
pollen  to  the  Stigma.  In  hermaphrodite  flowcrs  self-fertilisa- 
tion  is  comparatively  rare,  the  pollen  being  generally  prcvented 
from  falling  on  the  Stigma  of  the  same  flowcr.  Cross- 
fertilisation has  the  advantage  of  ensuring  a stronger  pro- 
geny.  If  the  stamens  and  carpels  are  on  different  plants, 
or  even  on  different  flowers,  cross-fertilisation  is  obviously 
certain. 

There  are  a great  number  of  contrivances  for  ensuring 
cross-fertilisation  in  hermaphrodite  flowers.  The  following 
cases  may  be  taken  as  examples.  The  stamens  and  carpels 
are  often  ripe  at  different  times,  so  that  the  Stigma  is  not 
capable  of  being  fertilised  when  the  pollen  leaves  the  anthers. 
This  is  called  dichogamy  (cf.  Aristolochia,  plantain,  rue,  etc.). 
The  stamens  and  carpels  are  often  in  such  a position,  that  any 
direct  communication  between  them  seems  to  be  quite  impos- 
sible,  or  they  vary  so  much  in  length,  that  somc  external 
help  is  necessary  before  fertilisation  can  take  place. 
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It  is  now  known  that  cross-fertilisation  is  not  so  absolute 
a law  as  was  formerly  supposed.  In  many  cases,  self-fertili- 
sation  is  known  to  occur,  and  is  often  specially  provided  for 
when  the  flower  has  waited  for  cross-fertilisation  in  vain. 

The  transference  of  the  pol  len  may  be  effected  either  by 
the  wind  or  by  insects.  If  the  pollen  is  very  light,  and  is 
present  in  large  quantities,  a puff'  of  wind  is  sufficient  to  carry 
a cloud  of  pollen  dust  to  the  carpellary  flowers.  Such  wind- 
fertilised  flowers  occur  in  our  moncecious  and  dicecious  trees, 
the  oak,  beech  and  hazel  being  examples  of  the  former,  and 
the  poplar  of  the  latter.  Insect-fertilised  plants  have  a wider 
distribution.  In  the  tropics  the  pollen  is  sometimes  carried 
by  humming-birds. 

We  have  already  seen  that  insects  search  flowers  for  honey 
and  pollen,  and  that  they  are  atiracted  for  this  purpose  both 
by  bright  colours  and  a pleasant  scent.  Honey  is  eagerly 
sought  for  by  insects.  Since,  however,  some  would  not  be 
able  to  fertilise  the  flower  successfully,  the  plant  is  obliged 
to  protect  its  sweet  treasure  from  thieves  and  unbidden  guests. 
This  is  often  accomplished  by  the  nature  of  the  corolla, 
which  is  usually  of  such  a shape  as  to  render  the  honey 
inaccessible  ; the  snapdragon,  for  example,  has  a sort  of  trap- 
door  arrangement.  In  other  cases,  the  flower  is  so  con- 
structed  that  it  can  only  be  fertilised  by  special  insects,  the 
relations  of  the  length  and  arrangement  of  the  various  parts 
being  such  that  only  a proboscis  of  a certain  length  is  able  to 
reach  the  honey.  The  flower  is  always  so  constructed  that 
the  pollen  shall  be  deposited  on  that  part  of  an  insect’s  body 
which  will  afterwards  touch  the  Stigma  of  another  flower. 
The  methods  of  pollination  are  almost  as  various  as  the  forms 
of  flowers. 

The  principal  insects  which  carry  pollen  from  plant  to  plant 
are  butterflies,  bees  and  humble-bces.  If  the  flower  is  designed 
to  attract  butterflies,  it  has  a long  corolla-tube,  corresponding 
with  the  proboscis  of  the  insect ; from  the  top  of  the  tube 
the  stamens  and  pistil  project,  as  in  honeysuckle.  Flowers 
in  which  fertilisation  is  effected  by  night  moths  are  generally 
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of  a pale  shining  colour,  and  have  a scent  which  becomes 

niore  powerful  in  the  evening.  ....  . 

A good  arrangement  for  cross-fcrtilisation  is  seen  in  the 
violet.  ’ In  this  case  the  pistil  has  a style  which  is  thin  and 
bent  at  the  base  (Fig.  35,  a)  ; the  lower  stamens  (Fig.  33,/) 
possess  a special  spur  which  secretes  honey,  while  the  con- 
ncctive  has  a membranous  Prolongation  at  the  top.  All  live 
stamens  stand  round  the  pistil,  and  the  membranous  parts 
touch  one  another  so  as  to  form  a hollow  chamber.  Ihe 


Fig.  54. 


Genista  tirutoria,  or  grcenweed, 
papilionaceous  flower,  ready  for 
pollination. 

k,  calyx;  /,  Standard;  fl,  wings; 
s,  keel. 


Fig.  55- 


The  same,  after  pollination;  the 
wings  and  keel  are  depressed, 
the  stamens  (st)  and  the  pistil  (jr) 
are  directed  upwards  ; />,  cloud 
of  pollen  dust  which  is  thus  set 
free. 


flower  is  on  a long  stalk  and  hangs  down,  so  that  the  dry 
pollen  falls  when  ripe  into  this  chamber.  If  a bcc  should 
now  visit  the  riolet  flower  in  order  to  obtain  honey,  it  must 
necessarily  bend  back  the  pistil,  this  being  facilitated  by  the 
thin  and  curved  style  ; the  pollen  then  falls  upon  its  head, 
and  is  rubbed  off  on  the  Stigma  of  the  next  flower  which 
it  visits. 

Another  noteworthy  example  is  seen  in  papilionaceous 
flowers  (sec  Figs.  54—56).  The  back  petal  Stands  upright, 
and  is  called  the  Standard  ; this  serves  to  attract  insects  from 
afar.  The  two  lateral  petals  are  called  the  wings,  and 
in  front  of  these  are  two  petals  which  are  almost  united,  and 
which  form  the  keel  (Fig.  56,  s).  The  wings  of  both  sides 
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Fig.  56. 


The  same,  showing  the 
various  parts. 

/J  Standard ; rfl,  right  wing : 
sf  kecl ; /,  left  half;  r,  right 
half;  h,  protuberance. 


have  a protuberance  which  fits  closely  against  another  protuber- 
ance on  the  keel,  the  four  petals  being  thus  held  closely 
together. 

When  in  this  position  the  petals  are  in  a state  of  tension  ; 

and  are  easily  displaced  if  any  pressure 
is  exerted  on  the  protuberances  on 
the  wings,  with  the  result  that  all 
four  petals  spring  downwards.  The 
keel  contains  the  ten  stamens,  the 
lower  part  of  the  filaments  cohering 
to  form  a single  tube  round  the 
pistil,  the  style  of  which  is  curled 
like  a feather.  The  anthers  dehisce 
early  and  their  polien  lies  in  the  keel. 
If  an  insect  now  presses  on  the 
wings,  these  and  the  keel  fall  down, 
and  the  stamens  spring  up,  so  that  the 
polien  is  projected  in  a cloud  out  of  the  keel,  as  represcnted 
in  Fig.  55.  The  polien  at  the  same  time  adheres  to  the 
under  surface  of  the  insect’s  body,  and  when  it  visits  another 
flower  with  projecting  Stigma  some  polien  must  necessarily 
be  deposited  upon  it. 

(c)  Fertilisation.  The  two  cells  which  effect  fertilisa- 
tion  are  not  placed  in  immediate  connection  by  the  deposition 
of  the  polien  on  the  Stigma  of  the  pistil.  Fertilisation  is 
preceded  by  another  process.  This  consists  in  the  germina- 
tion  of  the  polien  grain  on  the  damp  Stigma,  a tube  being 
sent  down  through  the  tissue  of  the  style  to  the  ovary 
(Fig.  34).  The  polien  tube  penetrates  to  the  ovule,  and 
grows  through  the  micropyle  to  the  egg-cell.  Now  begins 
the  real  act  of  fertilisation.  After  penetrating  the  integuments 
of  the  ovule,  the  generative  cell  of  the  polien  tube  (containing 
a nucleus)  enters  the  egg-cell  and  unites  with  it. 

The  egg-cell  contains  no  nuclein,  but  the  nucleus  of  the 
polien  tube  is  richly  provided  with  this  substance.  13y  the 
process  of  fertilisation  the  egg-cell  becomes  in  a certain  sense 
complete,  and  energetic  cell-division  is  at  once  set  up.  A 
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cell-bcdy  called  the  seedling  is  finally  formed,  and  this  bears 
the  parts  described  above,  the  cotyledons,  plumule  and  radicle. 

While  growth  is  taking  place  in  the  secd,  another  change, 
due  to  the  Stimulus  imparted  by  the  act  of  fertilisation,  is  set 
up  in  the  wall  of  the  seed-vessel.  The  result  is  the  formation 
of  the  fruit,  and  this  often  includes  other  parts  of  the  llower, 
especially  the  floral  axis. 

(d)  Care  of  plants  for  their  posterity.  Self-love 
is  not  the  only  mainspring  of  the  life  of  nature,  as  has  been 
so  often  maintained ; there  are  various  processes  in  nature 
which  bear  witness  to  a law  of  love  and  mutual  assistance, 
and  of  these  the  care  of  posterity  takes  the  first  place. 

It  seems  almost  unrcasonable  to  look  for  such  cases  in  the 
plant-worid,  and  yet  they  are  here  very  evident.  It  may 
suffice  to  point  out  one  of  these,  i.  e.  that  the  plant  not  only 
extends  its  protection  to  the  seed,  during  the  period  preced- 
ing  germination,  but  also  provides  for  its  disposal  in  places 
which  are  suitable  for  its  growth. 

If  the  seed  is  destined  to  pass  through  a long  resting 
period  before  germination,  it  is  protected  against  the  wcather 
by  a hard  husk  or  ovary,  as  in  the  nut  and  cherry  stone. 
The  seed  is  protected  in  the  same  way  if  it  bc  destined  to 
pass  through  the  alimentary  canal  of  an  animal,  as  in  the 
currant  and  bilberry. 

We  have  alrcady  seen  that  a favourable  place  is  found  for 
the  germination  of  fruits  or  seeds,  either  by  means  of  a flying 
apparatus,  or  by  employing  the  agency  of  animals.  Animais 
often  carry  the  fruits  clinging  to  their  für  by  means  of  hairs 
or  hooks ; in  other  cases  they  scck  out  the  fruits  for  food. 
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CONCLUSION 

If  the  reader  has  patiently  followed  me  to  the  close  of  this 
little  book,  I have  still  a question  to  ask  him  and  a request  to 

make.  | 

What  do  you  think  of  all  you  have  heard  of  the  life  of 

nature  ? 

Can  it  be  true,  as  is  asserted  by  many,  that  purely  mechanical 
laws  rule  in  stone,  beast  and  plant,  and  in  your  brain  as  jou 
meditate  on  my  question  ? Let  the  whole  process  of  the  life  of 
a plant  pass  in  review  in  your  mind.  Is  it  a lifeless  machine 
which  is  wound  up  and  then  runs  down,  a musical  box,- which 
plays  its  tune  ? Do  we  live  in  a mechanical  world,  or  is 
there  a special  law  of  life  which  governs  you  as  it  does  the 
daisy  by  your  footpath  ? 

Do  you  hesitate  to  answer,  or  have  you  any  presenüment 
of  an  eternal  wisdom  which  rules  this  wonderful  world,  not  by 
means  of  laws  which  are  purely  mechanical,  but  which  are 
full  of  insight  and  design  ? 

Which  of  these  two  ideas  leaves  the  greater  problem 

unsolved  ? , „ . . , 

If  you,  dear  reader,  have  tili  now  followed  me  with  some 
sympathy  in  this  account  of  the  life  of  plants,  I have  still  a 
request  to  make,  and  this  shall  be  my  reward  for  acting  as  your 
guide.  When  you  put  down  this  book  do  not  lay  aside 
the  study  of  plants,  but  look  for  yourself  in  the  great  book  of 
' Nature,  where  all  that  you  have  read  hcre  is  written  with 
far  greater  clearness  and  force  than  lies  within  the  power  of 
my  feeble  pen  ! 

Jede  Pflanze  verkündet  dir  nun  die  ew’gen  Gesetze, 

Jede  Blume,  sie  spricht  lauter  und  lauter  m*t  dir. 

Aber  entzifferst  du  hier  der  Gottheit  heilige  Lettern  . 

Ueberall  siehst  du  sie  dann,  auch  im  veränderten  A g. 
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Acids,  87 
Acorn,  77 
Acyclic,  60 
Aerial  roots,  50 
Aistivation,  6z 
Aggregate  fruits,  74 
Agrimony,  76,  77 
Aleurone  grains,  7 
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Alkaloids,  11,  87 
American  agave,  49 
Andrsecium,  66 
Anemone,  68 
Angiosperms,  71 
Annual  rir.gs,  15 
Annuals,  30 
Anther,  67 
Antheridia,  100 
Antherozoids,  100,  101 
Apple,  74 
Archegonium,  100 
Arillus,  77 
Aristolochia,  ioi 
Arum,  89 
Ash,  63 
Asparagin,  86 
Asparagus,  47 
Assimilation,  79,  83,  88 
Autumn  crocus,  97 

wood,  14,  15 

Axis,  6z 

Balsam,  75 
Bark,  16 


Bast,  1 1,  11 
Bean,  so,  77 

cotyledons,  41 

Beech,  10z 

cotyledons,  41,  4z 

Begonia,  64,  71,  99 

buds  on  leaves,  31 

Berberis,  49 
Berry,  73 
Biennials,  30 
Bilberry,  73,  105 
Blackberry,  74 
Bladderwort,  53 
Bordered  pit,  4 
Botryose,  32 
Bracts,  41 
Branching,  31 

dichotomous,  31 

monopodial,  3 1 

Broom,  84 

Bryonia,  tendrils  of,  51 
Büdding,  99 
Buds,  24,  31,  33 
Bügle,  stem  of,  45 
Bulbils,  33,  99 
Bulbs,  46,  99 

Cabbage,  61 
Cacti,  47,  48 
Calluna,  67 
Calyx,  59,  63,  64 
Cambium,  9,  n,  13 
Camomile,  inflorescence  of,  32 
I Campanulacese,  64 
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Capitulum,  32,  65 
Capsule,  72 
Carbohydrates,  86,  87 
Carbon,  84,  85 
Cardiospermum,  70 
Carpels,  59 

Carrot,  inflorescence  of,  32 

root  of,  26 

Caryophyllacese,  62,  64,  71 
Caryopsis,  72 
Catch-fly,  17 
Cell,  prismatic,  4 

star-shaped,  4,  10 

structure  of,  1 

division,  3,  90 

sap,  s 

Cell-wall,  3 

corky,  5 

mucilaginous,  5 

woody,  5 

Cellulose,  3 
Centaurea,  75 
Characeat,  57 
Cherry,  73,  105 

leaf  of,  40 

Chlorophyll,  5, 
Chloroplast,  5 
Chromoplast,  6 
Chrysanthemum,  65 
Cinquefoil,  stem  of,  45 
Cladode,  57 
Cladodia,  49 
Cleavers,  51 
Clematis,  76 
•Climbing  plants,  50 
Closed  bündle,  12 
Clover,  98 
Colchicum,  97 
Collenchyma,  9 
Colouring  matter,  blue,  6 

red,  6 

yellow,  6 

Companion-cells,  12 
Composita:,  64,  68,  76,  98 
Conducting  tissue,  11 
Conduction  of  water,  82 


Conifene,  60 

wood  of,  1 3 

Connective,  67 
Convolvulus,  71 
Corn-cockle,  73 
Cornflower,  65 
Cork,  15,  16 

cambium,  15,  16 

Corolla,  59,  63  66 
Corona,  66 

Cotyledons,  33,  41,  42,  77 
Creeping  stems,  44 
Cross-fertilisation,  101 
Cruciferar,  64,  72 
Crystals,  7 
Cucumher,  73 
Cup'iliferas,  71 
Currant,  73,  105 
Cuscuta,  55 
Cutin,  5 

Cydanthera  pedata,  leafof,  37,  39 
Cyclic,  60 
Cymose,  32 
umbel,  33 

Dandelion,  64 

margin  of  leaf,  37 

reproductive  shoots  of,  31 

Dead-nettle,  62 

Deciduous,  31 

Diastase,  87 

Dichasium,  33 

Dichogamy,  101 

üiclinous,  60 

Dicotyledon,  stem  of,  13 

Dionara,  53 

Diplotaxis,  63,  72 

Distribution  of  fruits  and  seeds, 

74.  75.  76 
Dodder,  55 
Dormant  buds,  31,  33 
Dotted  vcssels,  12 
Double  flowers,  59,  61 
Drosera,  51,  53 
Drosophyllum,  53 
Drupe,  73 
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Duckweed,  root  of,  28 
shoot  of,  49 

Egg-cell,  ioi,  104 
Embryo,  76,  77 

-sac,  69,  77,  101 

Emergences,  10 
Endodermis,  19 
Endosperm,  41,  77 
Energid,  2 
Epicalyx,  66 
Epigynous,  63 
Erodium,  76 

Ethereal  oils,  11,  16,  17,  87 
Etiolated  plants,  85,  92 
Eucalyptus,  leaves  of,  43 
Evening  primrose,  97 
Evergreens,  31 

Fats,  86,  87 
Ferments,  87 
Ferns,  57,  too 

scales  of,  58 

Fertilisation,  70,  100,  104 
Flbrous  roots,  26 

FiK>  73 
Filament,  67 
Flax,  77,  97 
Flea-bane,  66 
Floral  diagrams,  60 
Floridex,  100 
Flowers,  58 
Folliclc,  72 
Food  of  plants,  80 
Forget-me-not,  62 

inflorescence  of,  33 

Fruit,  71,  105 
Fruits,  dehiscent,  72 

indehiscent,  72 

true  and  false,  72 

Fungi,  9S>  99»  100 

Galium,  76 
Genista,  103 

stem  of,  49 

Geotropism,  27,  92 


Glucosides,  87 
Gnaphalium,  64 
Golden-rod,  65,  66 
Grafting,  99 
Grape,  77 
Grass,  72,  76 

leaf  of,  35 

root  of,  26 

shoots  of,  45 

Ground-ivy,  45 

margin  of  leaf,  37 

Growing-point,  24 
Growth,  89 

in  thickness,  4,  12 

Guard-cells,  10 
Guelder-rose,  35 

leaf  of,  39,  40 

Gum,  11,16 
Gymnosperms,  71 
Gynoecium,  68 

Hairs,  10,  57 
Haustoria,  28 
Hawthorn,  49 
Hazel,  96,  102 

nut,  72 

Helicoid  inflorescence,  33 
Heliotropism,  93,  96 
Hellebore,  66 

Hemerocallis,  inflorescence  of,  33 

Heraclcum,  73 

Hermaphrodite,  60 

Heterophylly,  43 

Hilum,  69 

Honeysuckle,  102 

Hop,  50 

Hornbeam,  75 

Horse-chestnut,  bud  of,  17 

bud-scales,  58 

Houseleek,  49 
Hypocotyl,  33 
Hypogynous,  63 

Imbibition,  93 
Inflorescence,  32 
Insect-fertilised  plants,  102 
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Insectivorous  plant«,  51,  87 
Insertion  of  flower,  63 
Internodes,  31 
Irregulär  flowers,  62 
Ivy,  aerial  roots  of,  27 

Jussieua,  root  of,  28 

Labiat*,  62,  64,  66 
Lamina,  35,  36 

Lateral  roots,  development  of,  25 
Laticiferous  vessels,  8 
Leaf,  compound,  37 

parts  of,  34 

simple,  36 

- structure  of,  18 

base,  35 

mosaic,  96 

Leaves,  arrangement  of,  40 

development  of,  25 

margin  of,  36 

shapes  of,  36 

Lcgume,  72 
Leguminos*,  80,  98 
Leguminous  plants,  84 
Leucoplast,  6 
Lichens,  94 
Lignin,  5 
Liliacea:,  61 
Lily,  69 

of  the  valley,  leaf  of,  36,  39 

rhizome  of,  45 

Liverworts,  57 
Lobelia,  67,  71 
Lupin,  67 

Malva,  73 
Malvace®,  66 
Mammilaria,  48 

Mangrove,  aerial  roots  of,  27,  28 
Maple,  72,  75 

leaf  of,  39 

Maurandia,  67 
Meristem,  9 
Metabolism,  86 
Metamorphosed  shoots,  46 
Mignonette,  inflorescence  of,  32 


Mimosa,  98 
Mimulus,  62,  65 
Mina,  leaf  of,  38 
Mistletoe,  55 

root  of,  28 

Monocotyledon,  stem  of,  13 
Monocotyledons,  leaf  of,  40 
Monopodium,  32 
Monotropa,  56 
Mosses,  57,  100 
Movements  of  plants,  94 
Mucor,  57 
Mushrooms,  85 

Narcissus,  66 
Nectary,  66 
Nepenthes,  53,  54 
Nightshade,  73 
Nitrogen,  84 
Nodes,  31 
Nucellus,  69 
Nuclear  plate,  3 
Nucleolus,  2 
Nucleus,  2 
Nut,  72,  105 
Nutation,  97 
Nutmeg,  77 
Nutrition,  81 
of  plants,  79 

Oak,  72,  102 

margin  of  leaf,  37 

Oleander,  leaf  of,  36 
Onion,  bulb  of,  46 
Oospore,  100 
Open  bündle,  12 
Orache,  40 

leaf  of,  36 

Orchids,  68 
Orchis,  66 
Orobanchc,  56 
Osmosis,  3 
Ovary,  68 
Ovule,  104 

structure  of,  69 

Oxalate  of  lime,  7 
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ratony,  72 

lalisade  parenchyma,  18,  83 
ialm,  root  of,  28 
almate,  37 
Daniele,  32 
lansy,  stipules  of,  35 
^apilionacese,  64,  68,  72 
^apilionaceous  flowers,  103 
jarasitts,  55,  87,  88 
-arenchyma,  9 
ea,  62,  68 

cotyledons,  41 

ovule  of,  69 

stipules  of,  35 

tendrils  of,  5 1 

each,  73,  74 
erenrjials,  30 
erianth,  59,  63 
ericycle,  19 
erigone,  60,  63,  65 
erigynous,  63 
etiole,  35 
ctunia,  67 
impernel,  73,  97 
ine,  77 
ink,  64 

— inflorescence  of,  33 
innate,  37 

istil,  59,  63,  68 
itclier-plants,  54 
ith,  10 

— rays,  13 
lacentation,  69 
iantain,  101 

— inflorescence  of,  32 
lumule,  33,  77 

ollen,  67,  102 

— grain,  101 

— tube,  104 
ailination,  101 
alygonum,  69,  97 
aplar,  102 
appy,  64,  69,  73 
atato  disease,  100 

— tuber,  46 
rickles,  49,  58 


Primordial  utricle,  5 
Primula,  69 
Prosenchyma,  9 
Proteids,  2,  8,  86,  87 
Prothallus,  100,  101 
Protoplasm,  2,  95 
Protoxylem,  19 
Pseudopodia,  95 
Pulvinus,  98 

Raceme,  32 
Radicle,  25,  77 
Rafflesia,  56 
Ranunculaceae,  68 
Regular  flowers,  62 
Reproduction,  98,  99,  100 
Reserve  material,  87 
Resin,  11,  16,  17 
Respiration,  88 
Rhizome,  45 
Root,  25,  28 

growth  in  thickness,  19 

structure  of,  19 

cap,  25 

hairs,  26,  27,  57,  81 

-pressure,  82,  83 

Roots  of  parasites,  28 

water-plants,  28 

Rootstock,  45 
Rosaceas,  63,  64,  66 
Rose,  63,  64 
— leaf  of,  39 

margin  of  leaf,  37 

of  Jericho,  94 

Rue,  101 
Runners,  44,  99 

Salpiglossis,  67,  71 
Salvinia,  51 
Samara,  72 
Saprophytcs,  87 
Sarothamnus,  71 
Sarracenia,  54 
Scale-leaves,  41,  42 
Scarlet  runner,  leaf  of,  34 
Schimper  and  Braun,  law  of,  41 
I 
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Schizocarps,  7 2 
Scirpus,  71 
Sclerenchyma,  9 
Scopariiim,  84 
Scorpioid  inflorescence,  33 
Scorzonera,  17 
Screw-pine,  aerial  roots  of,  27 
Sedum,  leaf  of,  49 
Seed,  69,  76 

of  flax,  5 

grass,  7 

quince,  5 

Ricinus,  7 

Self-fertilisation,  101,  102 
Shoots,  43 
Sieve-plates,  8 

-tubes,  7,  12 

Siliqua,  72,  73 
Sleep-movements,  98 
Sling-fruits,  75 
Sloe,  49 

Snapdragon,  102 
Snowberry,  leaf  of,  35,  39,  40 
Solanum,  60,  61,  74 
Soldanella,  89 
Solidago,  55 

Solution  for  water-culture,  81 
Sow-thistle,  76 
Spike,  32 
Spindle-fibres,  3 
Spongy  parenchyma,  18,  83 
Spores,  100 
Sporogonium,  100 
Spring-wood,  14,  15 
Spurge,  17 

inflorescence  of,  33 

Stamens,  59,  66 
Starch,  13,  85,  86 

-grains,  6 

Stern,  28 
Stigma,  68,  70 
Stipules,  35 
Stomata,  10,  8t,  83 
Strawberry,  73 

stem  of,  45 

Style,  68,  69 


Suberin,  5 

Succulent  plants,  47,  84 
Sun-dew,  51,  53 
Symmetrical  flowers,  62 

Tannin,  6,  17 

Tansy,  reproductive  shoots  of,  31 
Tap-root,  26 

Temperature,  eflect  on  growth, 

93 

Tendril  climbers,  51 
Tendrils,  51,  96 
Testa,  76,  77 
Thornapple,  74 
Thorns,  49 

'1‘hunbergia,  63,  66,  67,^1 
Tissue,  epidermal,  9 

fundamental,  10 

permanent,  9 

vascular,  1 1 

Tissues,  8 
Toad-flax,  95 
Tracheides,  4,  13 
Tragacanth,  49 
Transpiration,  82,  83,  84 
Trapa,  76 

Tropteolum,  leaf-stalk,  51 
Tuber,  46,  99 
Tulipa,  60,  61,  97 
Turgidity,  93 
Twining  plants,  96 

Umbel,  32 
Umbelliferx,  63,  73 
Utricularia,  53 

Vacuole,  5 

Valeriana,  71 

Vascular  bundles,  n,  29 

Vegetative  reproduction,  99 

Veins,  18 

Venation,  39,  40 

Venus’  fly-trap,  53 

Vessels,  ladder-like,  7 

net-like,  7 

pitted,  7 
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Vessels,  ring-like,  7 

spiral,  7 

Vetch,  98 
Vine,  82 

. tendrils  of,  51 

Viola,  67,  70 
Violet,  66,  103 
Vitis,  leaf  of,  40 

Wall-pellitory,  51,  96 
Walnut,  74,  77 
Waste  material,  n 

products,  16 

Water-crowfoot,  leaves  of,  43 
culture,  80 


Water-lily,  flower  of,  41 

plants,  heteropliylly,  43 

plants,  leaves  of,  51 

Willow,  63,  77 

herb,  77 

Wind-fertilised  flowers,  102 
Wood,  11,  12 

sorrel,  98 

-vessels,  7 

Yellow  rattle,  55 
Yew,  77 

Zygospore,  100 
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